

M % * JfL ik 

— r\ 

www.sciencep.com 
































&££. %k 4k ^M-^ *&• Ht M 



4% <£ $fe JfL i* 

jb m 



1*3 # ffi fl* 


mmmimmmm^ifmo ^mmmm 

7 ^ W X X f$l /ii Sf If H >f Affl Lyapunov-Razumikhin , 

Barbalat 3ISlX&EM£ft^3ik, Riccati 

^£7T9it, 

m& Lur’e mi, XSftS Lur’e 

£rt§±*j££{il, ffisfggr, 

#SrfcW 

w±$Lmmt. nm& 

ffl^ft)ig^g(CIP)|g[Jg 

—jfcjsC: ^djJKtt, 

2007 

ISBN 978-7-03-019266-0 

i. a- ii. $•■■ in. aitw^g 

IV. TP 13 

CIP fagl£7(2007)gg 095791 ^ _ 

*>]X-f/#®i3Xh ##i£i+X#£ 

4 * $ * * 

100717 

http://www.sciencep.com 

*r • *p 4i r WJ 

* 

2007 *f 7 M % — US Jf *: B5 (720 x 1000) 

2007^7^—&WJ 18 

ep^: 1—2 500 362 000 

Stfh 48.00 7C 

(inwaiSMfifoB. ai±£Si$»<Wff>) 



mmmmm, mmmmm 

ummw%pm^$i^ a m&t, r±m 

mmmm 

ait—##©7frj ait m a x o 

ll^##S!ftf!j&9SSItrii(ii.ii3S | J 20 tH^BAXBf Blacky NyquisU Bode ^pf$ 

xx, m, sm^^iffo &&*-# 

A^AMM, AXS^PAtfSBiAiSo ##©$!!&—AiftAAMXM 1972 
XX ITAAMteAtAlSXXM 1974X®= UMAX, »eftJ$cMt£® 

g*J®o 70^fD 80 Afl'm^PA^aitMAMSASraaiAiMIiJ 

##©$4 nxr , Hm«©frj-M-A«iggca 

Mi®ewi^s«o gsiTM^frt^flii^, wmmimmr 

/ ft##©f l JW^Jl^ c f :, S:5 | J/' ‘SSiJl,fr : J ; i‘ Kharitonov E|hJSH£X H x ©rfrjaitA 

^-#{tait(x^j^// ait)®^o 

i£XA> o ((X'91/EB'f 

ja 20tttm 

90 x^«&Axx«Bt;§ mxt^mm^ 


0 Davision E J. 1972. The output control of linear time invariant multivariable systems with unmeasurable arbitrary 
disturbance. IEEE Tarns. Automat. Contr., 17: 621-629. 

0 Pearson J B, Staats P W. 1974. Robust controllers for linear regulators. IEEE Trans. Automat. Contr., 19: 
231-234. 

(3) Kharitonov V L. 1978. Asymptotic stability of an equlibrium position of a family of systems of linear differential 
equations. Differentsialjnie Uravnenija, 14: 2086-2088. 

0 Zames G. 1981. Feedback and optimal sensitivity: model reference transformations, multiplicative seminorms, 
and approximate inverses. IEEE Trans. Automat, Contr., 26(2):301-320. 

0 Doyel J C. 1982. Analysis of control systems with structured uncertainty. IEE Proc. Part D., 129: 242-250. 




• jj • __ 

*RH, &srt£h±^AfflTit;£it7 

smsm, ssr-gwi^. 
ira®, 

i£A7, *aAS, eB^M, 

mmmmmmmmmmmmfc Lur’e «, aids Lur’e 

*s**i£a, >&%%&o ^ft±mj¥m&, ssam, mv&Wo 

mffii 


7@xe^i^±- 



2006 A 11J! 23 H 



^Ti«;uJua»A^wPSfjo &mm&mB.®&MJ&mimmMto%cM 0 x 

tmnxM^r ■, % 

ttxnm**, i^muM%mm$mm, w&sk 

m, m&im. &ji&jei*H$L Kxgm, 

»wi, wcnm^mmt, j^zmm, sst^tt«&i 

5>mmmo mxa£, 

ft Will's] !§;£--o 

«^jtW##©frJ«Si6AX, llli, MMj£TXi$;E 

m^^##^J(5JM, Lur’e 

A15^^9#o H l #J|jS0AJn#T^lXiZffi^l^X#A3i'£x 

M3~5m, ±it«im»^ttx EBBA^ttx 

MWItSx ##x?A^^x MA^JWA##eflj'JW-#^fn^o m 

6 m, xmmmmmmM^mmnMmmM^mwmmxmTE^ 

m%m, 

^# 0 w,m, 

8x 9#, Lur’e JfM, Xffife Lur’e 



* IV * 




rt*© 

^MmmmtLX^mmm^mxxximnm , &%&&&*&%&} 
mt a mm, sm. *r&. mmi, n& 

m , &#¥, ^m^marn^mnx^, 

^ST^MSrtW, li-mio 

^^# 7 jc^pg, ^mmrxiM^iitw^iE 0 

&£& 




mmimmmw3zf&%, 

7- 6 ft aE ttfIfIJ'f'ftjf 7ft, ftff] Lyapunov-Razumikhin ffAffflftiN Barbalat ‘jiflkf A 

Riccati^M^w^r*, 

ffe. ±HW£rt£fe&*nT/l/h 

Affi: 

(i) essa^-ia 

um*n 

f&j ws## // 2 / //„ ffifj mm a-Ac 

%.^t, A7!737S§3Ii'£;ffl Lyapunov-Razumikhin H/EfttSLifc, W;Hi75i7^ff3® 

AfEftA-ffAffi, AfuAWW^M 

fBtkT’^Af^c&iSo 

0 «AAfo 0 AtMM#r®, mT&fgft&Mmfe, M&TMm%i&mmM7& 

(4) If Xf—Hurwitz fliff^i^AARI Hurwitz Jjq;®$i£$,W#^ , l70f 

mm t, aw^et 

*7^ffe£§Pf7flAtfjffiib . /A^fcimitAA#eMMi+A?£o 

(5) If#—^7®I/E Lur’eiSx± Barbalat * 7 |S, JUit^NW^ 

rf*A£fe; ff-i-lfXf—|^ ; Br^''fS'Mi®f0#tt&57'^AE Lur’e 07$? of #3^, 3S7 
Lyapunov-Krasovskii AiAfll 5 ft®, ft/H f ft ii H ffl A 7t& M ttf iff ifi A. >2 M fr If—- 




m m 


HU 1=1 

fit f&te . 

1.1 *j| H . 

1.2 . 

1 . 2.1 . 

1 . 2.2 ffifLWik . 

1.3 . 

1.3.1 . 

1.3.2 Lur’e . 

1.4 ftid. 

0^XM . 

%2m . 

2.1 . 

2.2 Riccati . 

2.2.1 Riccati . 

2.2.2 . 

2.3 . 

2.4 ##&$!lSifc#5iil. 

2.5 HMMMfamft . 

2.6 jiiE. 

0^fXM . 

I3f m=F Riccati 2r?I Wif StMlifia 

3.1 *71 H . 

3.2 . 

3.3 . 

3.4 HF{i)E . 

3.5 m l . 

3.6 . 


• i 

• i 
•3 
•3 
•5 
•7 
•8 
15 
21 
21 
29 
29 
32 
32 
34 
37 
39 
43 
47 
47 
49 

49 

50 
57 
59 
63 
66 

































3.7 &iE. 

. 

% 4 % m=FLM\ W# . 

4.1 3\m . 

4.2 . 

4.3 . 

4.4 -M&agmftxffifcgjimi . 

4.5 nmwmfe . 

4.6 . 

4.7 ftiE. 

## xm . 

% 5M . 

5.1 ?iw. 

5.2 . 

5.3 Hj&m . 

5.3.1 I'SJSfflli. 

5.3.2 . 

5.3.3 . 

5.4 . 

5.5 . 

5.6 ?±iE. 

. 

s& 6 * . 

6.1 ?l g. 

6.2 . 

6.3 . 

6.4 

AffeA'ft). 

raAfe). 

6.6 /a 

. 

6.7 3iiE. 

00%M . 

s&7* *«£w#-3is&M7t«ja*ij. 


•70 

•70 

•72 

•72 

•73 

•81 

•91 

•96 

102 

107 

108 
110 
110 
110 

117 

118 
121 
126 
130 
136 
143 
143 
145 

145 

146 
150 

158 

165 

170 

175 

175 

177 



































s m 


• lx * 


7.1 3 Is... 

7.2 . 

7.2.1 . 

7.2.2 . 

7.3 . 

7.4 . 

7.4.1 . 

7.4.2 0«7c^. 

7.4.3 . 

7.5 &iB.. 

0^xm . 

n 8 M Lur’e . 

8.1 3IW. 

8.2 Lur’e 

8.2.1 fo]@JSa. 

8 . 2.2 . 

8.2.3 . 

8.2.4 Jftffif/; i.'C:>. :'. 

8.3 Lur’e H<M . 

8.3.1 (n]®e&. 

8.3.2 rm . 

8.3.3 *W#$c7R.. 

8.3.4 mmviMMT . 

8.4 Lur’e j&ifc //ooJS^J. 

8.4.1 . 

8 . 4.2 . 

8.4.3 . 

8.4.4 . 

8.5 iiiE. 

. 

% 9 m 7R$£ Lur’e . 

9.1 3IW. 

9.2 Lur’e . 

9.2.1 . 

9.2.2 § ?o . 


177 

177 

177 

181 

184 

191 

193 

197 

199 

200 
200 
202 
202 
203 

203 

204 
208 
211 
212 
212 
214 
220 
222 
224 
224 
228 
232 
234 
236 
236 
239 

239 

240 
240 
240 






































• X * 




9.2.3 Lur’e .245 

9.3 Lur’e Wf# Hj&ffl .250 

9.3.1 250 

9.3.2 252 

9.3.3 $cmM? .257 

9.4 M&mmtMrft Lur’e 259 

9 . 4.1 259 

9.4.2 261 

9.4.3 ^ft36&ftT(w(0=0)W##—£Pli>i£.265 

9.4.4 WDt?(l*#T(H</M))W##-^SP^.272 

9.4.5 .273 

9.5 ££iE.274 

.274 
















m & tfc 


1.1 31 m 

jsasiui&flHsiWo saieiMM 

(1) 

( 2 ) 

(3) m 

(4) m 
lt#l ; ^T35 ; ffCt4li##tt)o 

ii^itaT, mm&mz ot : 

(1) MSfiit, tkfcKmmmmrcttmMTmivmtmm.ms:-, 

(2) 

(3) ^ow, miliums; 

(4) 

(5) 

(6) m&mmmmmmmm; 

( 7 ) zn^m, mt mmmmuwL%%w: 

(8) *ifPl±iS^IS±«*j$It; 

(9) 
do) 

(ii) ZaZMS^, 

f|iJittifag^W^I(4H8) 0 

&^ntt8$yfe#£&3yt 





• 2 • 


ffio ma, mw# 

mMM^um^m^imwLmnm 0 &#*$*$ 

A|a]X&— £lX#5UJPWfKj£, 

^it, flSllWAM, 

»Xi4i6#MA WtbA o 

20 IftiBfcJ, MilllT Bode ®££fn Nyquist fttg, oTWffl 

|5|A#L^filiA^ / $atirtKSisO)^^o MrBXaJWJt#, ^4^AWAM^A 
^aAffiW^^almA^^all.+ l (MlMO)^IAWi5:itfp]^, 

(LQ)A^AW—^^^m^TtfiJ^iAi^iffPSft^A&liZisM^o 
AMX lq 
&%WLm, &WtM&, 

ME.^j^if, &-&$Lmm$; 
WXIiMSSlJA^I^^MMP^JCZames et al„ 1983)o A A, 

ssfis, 

fe&£'ffltE&ffl&&T8tifB$3kfi^& , 0ith&SftJMi£i+XfPA 

hxrx± 
m&, 

(i) p, 

r /a m\mt, 



imm*xn 

imxm^AMo 

AUHk¥u&JA$i& M mm o 

^mmwmM^%mmmm, hxx 
m^mmm^mmmmmAX, maw, is», mmmm^rxmM 

mm^wmmmo 

« wa$l , rtxmmAmMmmxMffiXARAxm&AAR^xtmmfe 
50%vm o 


1.2 

1.2.1 RUlffiiS 

&&&&& 

mm, MMMmtmmmm\x&, mmmmmmK , 
sm, ^mmpm^xm^-^mmM^, m 1.2.1 mm. 


w 


_£_► 

——" ——► 




p 


1 

1 

K 





a 1.2.1 





• 4 • 




2oK5o^ft, m 

m^x^, mki-ik 

Minis ^1:, 60 

mmmmYmmwjttmmm&mji, MXHiMXAfb aimwttmu lq 

-w, ^mmmm, 

mm%t 

m 1 . 2.2 Brm, 


w 

P + AP 

z _. * 









K 





m 1.2.2 


to#ji-h£*«ss 

BWft 

WDoyle et al„ 1992) 0 £0}i§W 
&£|SJT, #mX»t4feM^#^(#JALA^2^), Wl.2.21-^ 
Ml.2.3, 



m 1.2.3 




ffelW3r}£. IM^IJWM> Wf&tSI&l >&'?£, Meffe!j^ 

vmmtxyMm\^m 0 a7 

MfflMW, mmm^mmvjmmmT, mmmw^M, im^mm 

-^mmvm^mmmmu, mm 

1.2.2 

El’s];i:/J^ , #£p®$HMj1S4 5 W3S 

/E'!4§1 : *h 7 ##©fl! | ll'a|^# : ^iift : ^ ; &ar ; i‘M 

1932 7 Ny quist m^mmm 
1945 ^ Bode 

, &mm-m±mf wiai 

M-UiLtm^l Jj 'fi;, Hi Rosenbrock( 1972)iS;li $Js^AtAi^^tiSl Nyquist 17 ASihA'A 
^S^'tfcfSr'M^HA^lifLij'tf^o ; &##©t|!!jSi^:^AZ:ii@4 3 , Zames 

(i963)naj 

HA14, Kalman(1964)ititTWAWifi 

wMnM&jG&xm&mMftmm do^ifAtao 

&%%A'mmTrtte#Mmmwmm , 20 t&*a 70 

iMt3&7##gftJlft£M: Davison(1976)HdiW##iS3t»S®it^, 

#ftif/Mft, Youla ^(1976)ff)(+-^ 

43A*f#in 7 lik^T *; Kharitonov (1978)f+Xt K \'b] A 

m a & 

Doyle (1982)J|Hl4r«igmff#|5Sifc^^^«^mMA«l 

a#, ; 

Vidyasagar(1987)^®-^'®i|iJt§^^ : 7Me^^|Wl0tM^I^®; Safonov(1980)ffi 

^.mmstmmm mm 1 jsla mm 7® a , °ivm Lyapunov ha 

fcl{iUST*-EftHrt*£-, Zames (1981)tT&ilftffi^M®M H n 

am*, 

M*Mk Zames &Mii, LQG 





• 6 • 


lqg Si+^rfe^##'l4o 

30 am, f&^mm, 

AfrAAMA—(Bhattacharyya et al., 1991; Bhattacharyya et al., 1995; Doyle etal., 
1982; Zhou et al., 1998; 1995; MAA#, 1994; 1996; 

2000c)o Mm^sAwraAP?], 

Aft, Kharitonov(i978)pm6ASM 

AAtiAAtA fclAAiAiflAuftAT Bartlett #(1988)fft$£i£lA?S, Chapellat #(1989) 
(ADA Kharitonov AfS. Chen(1993), Ivan #(2001), Ramirez-Sosa 

^( 1999 ), ##, 

Aft, 

m, iZamesf^jH„effli^, 

® (5]J® ^A&MEKM, ,Doyle #(1989), Zhou#(1988), 
Glover #(1988), Iwasaki #( 1994) A AfAA AAA ft ti X A J&E. ff. AAlAAfA 

AT—AltBffWaifeo Doyle(1982)^(hW 

^sitAft, 'gfijffl^^#{i(ssv)MmwA5i^'t4ia ; f ; f^^a, A.&# 

##5&J&I4|b]®, Sift, Ji—#t£|W]EtfstiiM 

Aft, {&£*;&LT, // ^Aft^A^JKLin 

etal., 1993), o' AftiJAi Doyle SeAIHJ D-K ftftlS/JTfcAfto A)£ 

SiAAAMfAm'ii, 

, A it A IT A 
£##}£$!) 

AAAo [4 Monopoli(1966)AAf l Jffl Lyapunov 

%M>, 3£A Lyapunov It.^lAllBAWIlF^lll^^^AftAilST&^^^W^cfto 
Leitmann(1979)Xt^ABt^A^^#$fcl^Wll#^AEl' 5 ]IStf^T^A®f^;, UMJ 

— : S^A^HA AM 

(Leitmann, 1981), fflAlll^'l4«A-SEWEifi^#(Barmish, 1985), ifetfel® 



W, l M m it 


lesp^fp^Eifisp^, , wm^m n 

#WiSittrt/‘M? l J^ : 'ESl^'?t/E't4^^t(Bamiish, 1984; Chenetal., 1982; Tsay, 
1990), —JtiAA Barmish (1989)^Hl 

fPfoWllS^o |p]—U'll^, Petersen M Hollot( 1986)iM xJAtfrlA AA Lyapunov tSlfS 

Riccati imim 

ftist i &#, 

HlhkMSMACPetersen, 1994, 1992, 1987; 
Rachild et al., 1989) 0 A 1 A V ., Khargonekar At 1990) AA iiHA fit-AfaitAilA A 6$ 
Riccati )£|AA - ®fnlHASEijE^ T 

ftWo 


1.3 



m, m&iitxMm. %w&immm 0 

iwi, sns««« 

ffi, 

o 

mb m&fe&m&xmmm, 

mmbot 

#r, 

CAD IWSiffl ,, mt ,Laplace 

AQtffimmMi&fttiifoG&ttlL', SA 20 ym 70 Alt Lyapunov 
S.S'll Lyapunov A"'A^cAAfn7 c f :, ^b3Bt?§^^t&tl 

Lyapunov : A'A^t—, ftln^nj 

Riccati M?san£, wh^m^mbaw 

fPPm&SL Slit, Lyapunov A?AitXilkA(^AATl^W|tjf; 0 





• 8 • 


iA-iDT Lyapunov ft /£ ft ISA )f-tu A Riccati A, 

ffi o 

1.3.1 Tijisimtii^ittSiti 

i. -#■#■-*.&& 

w- 0 xn 

2 a^jig&jsremwmiB] 

^m%^n%m7tm, i960; ju+h^, i99o>fn0« 

ffiA^IJ®(Morari et al., 1989) 0 

mi'M-m^o mm, m®g 

x(t ) = (A + A A)x(t) + (Aq + A Aq)x(t - r) (1.3.1) 

Bellman ^(1963 )^hHj, 

P(s) = |s/- (,4 + A/f) - (A + A4,)e“"|*0, VRes>0, t> 0 

m 20 ttt*a 60 mx, 

±, m&Tmimm-Mmm 

Biemacki(1987))$iifflli£££W Lyapunov XfM&fliL/E Hermitian ftjfV-t’k 

ttI^TIt(i.3.i)Wiatt, 

Lyapunov Hermitian ^ l^ : (S W # A ttL /e fill A 't4 Tfi ^ fflfA M 

S^W^moMori(1981)TO^^(1.3.1)^lDTXtA*'#l5 r 


Pi( y4 ) + Wl; < 0 

||^||.^)£P$lft 1, 2|oolt, //,.(^) Bourles(1987)fGTO 

Lyapunov 



H- 1 . flJFR Lyapunov ^ .7T?£, '-1W Lyapunov 

Umo Lyapunov jmW^iS+Z.S^ie^J^ffl^-H-tllffi, «ifl*^, Mil 
•)i>5L:ik( 1996, 1997)® T Lyapunov ft/SttJIifefd—, ITfiti T ®7P Riccati 
4 ^5f5 3 $:), Riccati ^Tf", $ 

^m®/K Wang(1987), 

Hmamed(1991), Shy ^(1993), Lee(1995)f0 Nian ^(2001)iti£T ^Wi y ^W^\ : - 

tisMM, H* T 

##£ljfg, Sun ^( 1997a) IB Riccati 

Thowsen (1983)]®|)ft“&fi£*lfc&3l AB««, »ik^(1996)®* T~# 

Shen ^(1991)# Petersen ^(1986) 

frtj Riccati 7/® Ji fl<W- B ‘ ^\^MM‘\nT&, Phoojaruenchanachai #(1992)$ti±i hTW# 

#„ (Pi 

Hi, — Riccati §1, 

Mahmoud %&, 

Riccati E'|4, i£3j ffijlLffi— 

#M^ilk^(1998)S:K#5t^o 

aeM#vF‘I4o hyffl Hale (1973)StB 
^^Razumikhin^ttSa, 

ABt 7/; : i x -(\iculescu et al., 1994) 0 -i-7j-J‘7i'M 1 ] 7f (2000)/k J : !li / f]*B'] ’f!|f Jc)< //i.Bft'J ®filli 1;, 

ztfttffifcwr#; 

2 . 

£ 20 tttiB 60 W, LB 

MJVA Kalman-Bucy M T? tfj LQG X& 

h 2 &ffljjfeo M, 



• 10 • 


7 S tit W itt Wife 


tMn LQGi7i+77, LQG 

ZamesCigSl^aiT^^J^W^'&o m 
A*7 M£|b]MM LQG i£if7fe;7FfQ(7£?, ±M7 LQG 
$*jS$ftJ; Hitt, 

7ffiM7«-Eftfr*§-®M1iS£T , H x M7A 

flsws&HiSM^JS(«i@= MitimtiiMW/A m*7, 

m^m^mmmm 0 * 7 #mmm 

^fc7rM^7^rpgftAtg*iij$i^MWS7±tfi, 

19847, DoyemitiT^Sflijra^W^Afe, iPf^t^SSJISI® 

—7 Nehari |'gS7ff#i 0 if^JI-tTfMAo 1988 

7, Glove ftl Doyle JI7 T “2-Riccati 7©” 7S, 'iZsk H x ISffciJSi^W—7Jiiv 

ail, K^AMMA^ffiT-W'ftiCRiccati^®, fjgfTO#gyimA7Mr 

SCrtMWXM H x gfrjflo 1989 7, Doyle H x gfrj l'P]m>tfek7l^7|Jn£ia 
ifr&m, 77PJ r A^sifi'JM^Lti lqg I7SW377, &ff 
fp^j£M77ffiM ttmffiikT o 

g 20 #£3 90 77X^7, ffiMi677fg^f77, fit# Matlab 

^tfr&wrera, #»j^mi77#^(lmi)w?ia, 

M«lJlC7#7, MMUm^ 

1994 7, Boyd 

mmm^nmko mm-&, 

EM7-7KXA, 

iff, 

7^^tt^ftj&f&J£^^li®(Dragoslav et al„ 1989) 0 

tt, #$cXMit Tffe-i&ii77#$tX(§] 7ft) “ HIS7 ” WM, * 

jggT^ "o 



• 11 • 


m i # m it 

, i£i+ 
l) 

0 &mmxMM* 

gimifto &mw “xft^ir’ a*, u 

%immm) a “turn” %-wrx 

WBtfs], ^pm*/^ x, %, 

Xnm W», m$t, MX ^MM^mmm, StlMgM 

, m nm^itMi^o 

mx pt#s^i w mm m im 

mam 1.3.1 



g 20 tttte 70 ¥ft Siljak 

Xiffi, XfigTl'JtIMiftif XXtkffiMft o Wang m^95)mxmMkXMX 
m-, Zhao MxtMmmmm% 

5F^TnrHM^^S«iieifel*«iatf-(5I 

M; Liao ^(2002)fEe§!l^®iJC®WWXl!l^ttilili ! ia^®^^®^, 

ttll, -fift 

i i «it ^ Ui 

i&*# 0 ^Wb^mphs 

^i)W^tb, ira±—^Mifesfri^Mo i&MM£$ lW$S, 




• 12 • 




30%± 1% 0 Ackerman(1985)}Ei£— 

Yang #(2001)M1iMM±, ®F&7ffiaj£$gfMSM H x (n]@, #Hi 

7*7 Riccati &=F^mTi 

nm, m§mmmmmm^mmm*mm a 

2) ifiin^flfij 

7x«P77, 

t^^lAMtttH*, £7#JiiL£--*feMft 0 

a i.3.2 ii7fti®i«[(r,i] rtfif)«»iio a 1.3.3 is&xiiTOftM 




Afn^iSIJT ®^3A'^ol983 7 ,Glattfelder 

M Schaufelberger 

ttfl, M, IftASfitiMffi, 

mmmmmmmfcc bw *&, k 

Kosut(1983)fq Krikelis !|(1984)flJffl[I]^g#;li7Mf& 
mtkft Gutman ^(1985)iii5t&fflH& 
Lyapunov glfr, Vassilaki # 

(1988)^7X7—MiiOT^IlifcW Lyapunov g 
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%%to i&#1fiJdT, Jei^PJW^tftlE#Xt^, IAA5ElA7f3E, as#!!#, 

iftfItfnifItflg*, *ti$fcJMl*l 

Hitt, AT 

20 tttfE 50 

T ATTALA Emelyanov ^1^®(variable structure control, VSC)T 

“$*&$” JArjSLt#, W'Mft 

A®, #rWST'?i« 

i990) o 

imm%m&mim&^mm&mvikm, 1977 % * 

lltnllAirtH, 

PI^J , JfeflS&TW^JS o 
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AI4 20 itt*a 50 Aft li$T$t#3£ftift 

4^p4o 
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fFAi5i+A&, ^^PiSfcJAA^fto 

Affi*S17^#'l4, ^ic±tAT^^$!l^ilitW^#'l4, WIMIfflT; 
(l) M#I§L #SSt##A|W|ift 

-»ft, bp(as,c)M; mm, BP 

5 = [o t 5j], 5 2 Jt«#AP$; «'I4M«», £iKA 

#Mo 

ft«KSiWIMraiiKo 

&K, i£^Jift'l4*o 

(5) ^nMs(X)Mv(S)mW^, 
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Bfrg : mgt^tii^»^Ma[^M^5 = 0jg5l] > IlIAo a 

5 = 0 0 ]IMM»tt&A&iiEs = o, 0 

jtk, tMir®! 

ftmn&mMm-o 

1.3.2 Lur’e Mi® S$Mtl 

1. Lur’e •fe# 1 ) 

Lur’e Lur’e £ 20 M 40 g §fr^ 

wwe^ifsisg^iiibWo sm, xtroiw 

jafiKT-Xllk^if Lur’e 

i.3.6)o am, vmirn^ 

{2cM Lur’e 1.3.4 JjliTRo 


-N g fc 

G(p) 

cr 

i 







\ 

/(■) 





@ 1.3.4 Lur’e 

as—^ *£ iMr |fij MS— 

ep-x«i4»« 


x- Ax-Df{a{t)) 
cr(t) = Cx 


(1.3.2) 
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^fj 3 , /(cr(0)®— G(p) = C[pI-A] '/) o'fizi5;cr = (cr 1 ,cr 2 ,---,cr m ) , 
/(c) = (/ ( CT i)> / 2 (c 2 ), • • • , f m {cr m )) T , M^PT: 

m 1.3.5 mm) 

f, (•) e K t [0, k J ] = \j) (cj j )\ fj (0) = 0,0 < (j J f J (<jj) < ktf (aj* 0)}, y = l,2,-,n 

(1.3.3) 


1.3.6 0f7) 

/(•) e Kj[ 0,co] = {/ y (CT y )|/ y (0) = 0,0 < crjfjicTj) < oo}, j = 1,2,•••,« (1.3.4) 
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2. * * Jt Lur’e Ht if & ] 


® i.3.4 jbi 

m#, ms£^nm/(ff(o)=flc(o. ^ 

a -abc 

m i.3.5 mm 

#^o 1949 »#^M.A. OT#(M. A. Aizerman)#,+^OTWM: ^ 

u(t) = 0 tit , m+ Z)CX|>ttT[0, k](k = max(kj))^ W, K'J# 

twi^tto 1951Lur’e i-mm^ 
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m 1.3.7 Lur’e 
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(x(t) = Ax(t) + Bu(t) + Df(a(t)) ^ 3 ^ 

|(j(0 = Cx(t) 
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Jiit£/I8tWM, U£lLMn*8$t, AW^Eo M*«(l987)#^T^^ y hm 
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*t»( 1 . 3 . 5 ), =*|%^»^W 0 ^, 
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ex 2 ( t ) = A 2 x 2 (t) + B 2 u 2 (?) + D 2 f 2 (rT (/)) 

< £ x 2 (t) = A 3 x 3 (t) + B 2 u 2 (t) + D i f 2 (a(t)) ( 1 . 3 . 6 ) 

cr(0 = Cx(7) 

x x (t) x 2 ( 0 ,x 3 ( 0 ,---MAM)il^ilWft / » 
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0t^^E(1.2.1)|fcoTU>(^^0TW^A: 



Ex(t) = Ax(t) + Bu(t) + Df(a(t)) 
cr(t) ~ Cx(t ) 
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rank E = r< rank [x(/)] o ^±^(1.3.7)A£gE(1.3.8) 

Lyapunov HAM, 

^g£(1.3.7)£[0,°o) 11^6), [0,») Jg^lWa 
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Lewis # 
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^(Liu et al., 
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7-M#WMc Xu #(2000)IIATrAWA^A3l3i6(GBL), MMAAift 
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Q (x) < 0 

C m (x)<0 
A x (x) < AB x (x) 

A fl (x)<AB„(x) 

gev a »s/m„ 

1132.2.5 I'JT^^^AL: 


2x t y < x t Qx +y T Q l y 

llil 2.2.6 fg-S/4, ZB £fnF^lij=!fl®f$[W^£P£, fi/^/^Z, JAM# 
IW^lIoO, T£*^5£J5£&: 


DFE + E 1 F 1 D 1 < £-DD t + Me^ E 
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5IS2.2.7(Wangetal., 1992) D, E MF & 

F J F < I , >0 , Tl£W y Npi'fe ; tPfi£5l: 

(1) in%&ei-EPE T >0, jau 

(4 + DFE)P(A + DFE)' < A PA 1 + APE T (£•/ - £P£ T ) _1 £P/f T + eDD T 

(2) iDMi ) -£i® T >o, mu 

+ DFEf P~' + DFE) <A J (P- eDD T ) -1 A + e~'E T E 

Bill 2.2.8(Kulkami et al., 2002) #QJH#l£*j'f'PIE*Ep£ P> 0 A , 'M& 

a 1 pa ~p<o, 

[ ' ™ 1>o 

GA G + G J -P 

Bill 2.2.9 ffi8Cx t ,i = l , 

( n f n A ( n \ 

E*/ E*<"'E^ 

vm y V/=i y v (=i y 

BUM 2.2.10(Zhou et al., 1988) BtSlA, H'J 

(1) Mfi£||£(s/-^r 1 D|| <i; 

v 7 II lloo 

(2) #£-JE)E*tTOP$ X > 0 

A J X + XA + XDD t X + E t E < 0 

2.3 mmMmmt 

1 1 t-$*|51®, eMik 1 ## W 

jiS'M'HTWffl Lyapunov 
Lyapunov lis/E'l’!i: o 


x(t) = f(x,t), x(t Q ) = x 0 


( 2 . 3 . 1 ) 
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W , x e R* , t eJ = [/ 0 ,oo] ,f:B(r)x J -> R" , B{s) = {x e R n : |x|| < f} 

(X*T^e>0), ^Itx 0 e5( £ ) m t 0 e R + ,R + =[0,v) , i£ 

jj^E'£fBM'&^ y hMx(t;x 0 ,t 0 ) t e J lio ^ f{x,t) AJU t WMiItW, 

%kf(x,t)=A{t)xM^-$B.WA(t)-.R+-+R n% \ mmttm 

&mm, mm , mm 

II, i(0 = /(x,/)^fitlA$fM(i), 

/(x, w ,o+, immm^ummm=Fm\mm. 

m&WimYo mimft, %m& 


x(t) = f(x,u,t), x(t 0 ) = x 0 

(2.3.2) 



It 

p 

(2.3.3) 



x(t) = f{x,g(x,t),t), x{t 0 ) = X 0 

(2.3.4) 


bTJaL, Hil(2.3.2)oJW^(2.3.1)W®^^JMWMo 

x(t) = f(t,x l ), t>t 0 (2 3 5) 

x, o (0) = *(0), V0e[-rf,O] 

, x ( (-) ^TKX'j’tn/EW i > t 0 , 

x t (0) = x(t + 0), \/&e[-d, 0] (2.3.6) 

^TW, ^lAiPTiE-^: C H J=c^[-d,0],R n )^ftKm[-d,Q]mm\R ,, 

Banach Si's]; |^L =sup_ d < K oM^®^ eC M WM, 

I! • [| Ij Euclidean C^ d = {</> e C„ >d ||^L < v} , 4C4 1 v IjIE3C$£c 

(SxS^eC„ d , f(t,</>)-.R + xC v nd ->/?" Lipschitz 

a^r/(/,o)=o 0 ^x(/ 0 ^)^s^^#(i 0 ,^)ei? + xc; d T, 
5>4ffM(2.3.5)Wf?o 
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jzsc 2 . 3.1 fj»@wwx(o=o^-«iam^Wo 

(1) M%—'t£>Oft}^~ y i't Q >0, #4t-!g t 0 %%:$S 5 = 8{e) , $!#X4j3:1l 

<t> e c£ d , ^S(2.3.5)Wi x(/ o ,0) Xtflf# t > t„ ffi£ x,{t Q ,<t>) e C„^ 0 JBlHSig^JJC, 
x, (? 0 , MO x r (f 0 , </>)(d) = x, (/ 0 , M* + 6>) o 

(2) Xt^—^»7>0M—^r 0 >0 , #ft i 3/ 0 ^W7’(7)fq^/7fq? 0 ^W 

V 0 > o , {£X4{£® W <t> e C n d , ll^ll^ < v 0 |x,(r 0 ,^)|| oo < TJ, Vf > t 0 + T(rj) 0 

V i (x)>0, Vx*0, Pj(0) = 0, i = 1,2,3 (2.3.7) 

£11 2.3.1(Lyapunov-Krasovskii )cil) % fir' Pkl H[ OF Jf fM (2.3.5) : iS-fr-ftiS 
g?)£®F(x)?i)£: 

(1) F,(||^(0)||) <v(t o ,0)< V 2 (||^(0)||) o 

(2) V(t,x t ) < -K 3 (||x(0||) , V(t,x,)^km V(t,x,)Wi^jm(2.3.5){it)M%lMffi 
B4|h] 4N&, JJ!'JM(2.3.5)W»^-l;-Mm^Wo 

aJEJM 2.3.2 (Lyapunov-Razumikhin /S3) ^M& ®(2.3.5), IS 

K(f,x,)jfy—j^jeg^C, P(0^“FB®ifcJ4£fP(/)>0 , #P^ 

F($\x f )<P(F(/,x,)), ?>/ 0 (2.3.8) 

#pj-?i^P'f^r 

F(?,x I )<-y(||x||) + 2e (2.3.9) 

J&3A, <? — OcFpSffrO'ffi'tSt, H£f2£-<limy(r):=^ , 

r -^-0 

2.4 


mm*, 
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maSVm® 2.4.1 %ffii£ 0 



P + AP 

z 



1 




^1 



M 




x,y 



K 

— 



ffl 2.4.1 


mm.-. 

(l + A W)P, P + AW, Pl{\ + AW), P/(l + AWP) (2.4.1) 

-mim, -zm& 

Jtfcltf, m 2.4.1 Bf UXft 

m^J® 2.4.2, 



m 2.4.2 


a— 

A(0 = (^ + A^(0W0 (2.4.2) 

n*, AMmmm^gi, a-&&&&.%%%%■ 

m, mm, wTiiwiSi 

isrOTo 



2$ i&mp. 
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(1) m i ftMMm 

AA(t) = «! m T gi + a 2 (t)h^ g 2 +--- + a m ( t)h J m g m (2.4.3) 

&4>, h t , laiWM#®! 

# It ® Ifc, Je Lebesgue bjPJ (H) J=L'$t jS. 

|a, (/)| < cr,, <t ( . > 0, i = 1,2, • • •, m (2.4.4) 

K4 3 , Flo 

( 2 ) 2kw^m*£.Wkm 

A A(t) = a, (0 A L +a 2 {t)A 2 + — + a m ( t ) /t m (2.4.5) 

^4’, 4(* = 1,2,•••,/«), Ma,(0 

Lebesgue nfpjf^j (414/4 

|a ; (0| < cr ;> ct ; > 0, i = \,2, -,m (2.4.6) 

|a40|<3, 4>0, i = l,2,-,m (2.4.7) 

(3) 

|A^(0||<« (2-4.8) 

A4(/) = £>F(f)F (2.4.9) 

jt: Lebesgue bjpj (f(j, Mpi/li 

F J (t)F(t) < / (2.4.10) 

(4) 

m 

AA(t) = Y j a i (t)E l 


(2.4.11) 



• 42 ■ 




ju#je. 

m 

£<*,(/) = 1, «,-(0>0 (2.4.12) 

/=1 

m e±i 

M{t) = a x {t)A x + a 2 {t)A 2 +-- + a m {t)A m 


a ; (r)| < rr / , cr >0, / = 1,2, ■ • *, m 

(2.4.13) 


D = [a x A x a 2 A 2 ■■■ a m A m ] 

(2.4.14) 

f(()-diagl“ l< ' ) /.“ !( ' ) /.-.“- < °4 

(2.4.15) 

l 0\ ^2 °m ] 

E = [I I - /] 

(2.4.16) 


F 2 (t)F 2 (t) < / , M^)? i ffi^W/ r (0 = a i^i(0 + a 2^2(0» «i >0, « 2 >0, a 1 +a 2 =l^f 

F t (t)F(t) [a x F x {t) + a 2 F 2 (/)] T [a x F x (/) + a 2 F 2 (/)] 

= a 1 2 F 1 T (l)^ (0 + al F 2 t (0F 2 (?) + (Z 7 ! 1 (0^ (0 + F 2 ( t)F x (t)) 

< a 2 F x T (t)F x (t) + a 2 2 F 3 T {t)F 2 (t) + a,a 2 (F X T ( t)F x (t) + F 2 T (t)F 2 (/)) 

= a x (a, + a 2 )F, T (t)F x (t) + a 2 (a x + a 2 )F 2 T (t)F 2 ( t ) 

= a ] F 1 T (0F 1 (0 + « 2 ^2 T (t)F 2 (0 

< (aj + a 2 )/ 

= / (2A17) 

Silt, & f t (i)F(0</ M-B.& [-F T (?)][-F(0]</, 

—F T (0F(i) < / &#—'MS 



2* 
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fnmmmmm, wmmmn 

ft, itsiaa#®^ 0 

2.5 


PT: , $P^*Re(5)>0 

|F(s)|< 6,Re(s) >0 , fJ&A F(s) ft H x *&&, jf?A5^ 

2KinT: 

||F(5)L =sup{|F(s)|,Rfi(5)>0} (2.5.1) 

^SAtl^S, Mtt ^ •• j«^'!'Vi%^1')rf !fU 

||F(5)|L = sup||F(jftj)|,ffl e R] (2.5.2) 

iit // x 

^rfgiS; G(s) -§• , in 

ftf^-ft 2 »%i*AfFf^ft 2 

//"famiBiMM: m-aaa oiKiP^^^PA^PS)^®^^), m 
a z wftiiM d>(s) ft // K ?t mffi&nzL&w |^)|L < r = h„ wmMth&fa 

HHliP® 2.5.1 0r/Ac 



12 . 5.1 

h k f*7tNi£ft 3A^1^f83£#PT: 


z(s) 


G n (s) 

G n (s ) 

o)(s ) 

:= G(s) 


y(s)_ 


G 2] (s) 

G 22 (s) 

_«(•*)_ 


_«(s)_ 


(2.5.3) 
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MM 

0{s) = Gj J ( 5 ) + G 12 (s)*(s)[/ - G 22 (s>Ar(j)] _1 G 21 (j) (2.5.4) 

KX, z, y, UMlX ftlAtlSe»A„ g!® 

mAM u 

mmmm&j h„ ^Ttfijait**jeA-h¥smsy tmm, mwit 

MU, IMIiai&fKjJ&fiJkm Francis(1987)WXitKA#^W, .§.$(#, W 
AbaSJ^: //.^JtfnlS^SlEBBInlS-^Nehari 

afnf[{ti+»:ffi^®j5toDoyle#(1989,1988)W3tg)c#^#yA^$f0]^aai'fe 
XMM Hamiltonian ft H x A 

WXRiccati AmMM, 

%-frmo 

A#iif#MBit G(s) x H„ m*fcit#[5]JS5o ^XbAMBit 


G(5) = 


zl 

c 


5 

0 


(2.5.5) 


Max, |G(5)|| oo a’^^/EA||G(5')|| oo =supa : {G(j<»)}lfeit^o BPipX—^'Jfl 
{co„co 2 ,-,co N } , jl!lJ)Sjl»BTW#?IJ Ig^L Wttit»T: 


max|G(j® )fc )| oo (2.5.6) 

XRtiumm 

|G(^)Ll^ifi{K{i||G(5)|Lo 
XX Hamiltonian £§|^ 


H = 


A 

Q 


R 

-A * 


(2.5.7) 


gX, A e /?"*", ge/T", tfeiTX MXe = e T , fl = i? T , BMHJLm&lMM to 
X^lJiE X_(//) in X + {H) A H Re(i) < 0 Re(s) > 0 

i'hJo m^x_(//)W*pp*, rtim&mTmr^frik: 
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X_{H) = Im 


X 2 


(2.5.8) 


3£^, X u X 2 eR 


nxn 

o 


MM X, , j£#MT*£M > H 1 £|S15:# : 


X.(H), 



(2.5.9) 


mx = x 2 x; l m— -tUMM, H-+X &—Site 

nTWffl^ii^X = Ric(//)^^#gi»#t^o ffiDom(//)^3S^Ric 60 
£ 3£M, 'S * IVWT;£M^f±f£ W Hamiltonian W M: H jcffiM h#fiF. 

m(m?EttM)fnM^sr0]iL^Ks^f'M)o 

y > 0 , Hamiltonian : 


H = 


A 

-C*C 


-A" 


(2.5.10) 


^UM 2.5.1 

(1) INL<r; 

(2) h 3cM!foxmWi£.M-, 

(3) H e dom(Ric) ; 

(4) H e dom(Ric) fd A' = Ric(//) > 0 , £Pl^ (C,.4) nTKEIiJ, jffi — 

X = Ric(//) > 0 o 

^'7ia^TT3iit#// 00 MM^ffe: i£#—ii&if . 

DGKF 2.5.1 4 1 

ff^SO // M M60^M o 

fgMrx^ G(5) W#iiBl^P¥*^T^^iSI$S!^ •■ 



~ A 

5 1 

s 2 

G(s) = \ 

C, 

0 

A 2 


c 2 

Z ) 21 

0 


xmuTim: 

(1) {A,B x )v\^fc, (C„^) nr^H; 

(2) (A,B 2 )Pl&fc, (C 2 ,A)Bj&Mh 


(2.5.11) 
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(3) D,‘ 2 [C, D 12 ] = [0 /]; 


r % i 


" 0 “ 

_^21 _ 

d *,=: 

/ 


Hamiltonian 


A 

y 2 B,B,* - fi 2 fi 2 

_-c;c, 


" 

y~ 2 c*c t -C 2 C 2 

_B.fi,* 

-A 


SIS 2.5.2 ^m&\\Tj<r 

(1) H e dom(Ric) ftUf = Ric(//) > 0 ; 

(2) J e dom(Ric) ^ X = Ric(J) > 0 ; 

(3) p(XY)< r \ 


(2.5.12) 


(2.5.13) 




K(s) = 


X 

-zj^ 

F, 

0 


(2.5.14) 


A od =A + r~ 2 B,B;X + B 2 F ao + Z x L x C 2 

k = -b:x, l x =-yc; 

Z x =(l -y~ 2 YXy l 


2.5.2) 0 



Scf: 


II 2.5.2 



m 2* 
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"a 



M(s) = 

A 

0 

i 


l 

S' 

/ 

0 


QeRH x , ||e|L<y 


2.6 }£ iS 
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Riccati 


3.1 31 W 

Mit*WBarmish(1985)3ttt+M*, FS 

hxmxm, 

JH, Riccati 

Riccati *e^a 

i *^RTWI#SKiS 

rfli Su( 1998a, 1998b, 1998c)^IJ#i|?^'&rMM^^& 

Bffiftgaiww^fts^iMt^isiio chdfjw^Tiwi0m^0^$^ 

'tU'^ti^itb^#, m$m w^im^»^m 0 

g m b %-&%£%%&& si®f#«gw mmum „ 

sysm^it, 

iii |5]®Dl 5 &'HW^tl Su #( 1997,1999) o Tseng £i4i3IUf!ifc&$& 

^^^(1996)5|t Jabbari ^(1991)»W^lf r 

&%&&!*&%&%& 1 siw, 

?iJEEBE^# 0 

^^##)iy'^ r ^‘>K;^0y'?^fni$$ij0 ; t'i^frii^ l 't4T ; '^i/E0y'i® ; ^^E, XrW&^.^tX' 

#—Riccati #®:fr&Ji^#PJTt#$&ib& 

$£M3l#£W3E3MM*ls 

XrRm^mmmYM-o 
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A s $fj /E B \J" ^ ^ tjt fr'J ^ ^'J iMit: 


3.2 


&% Btffi&m, Riccati 


x(t) = [A + A A(t)]x(t) + [B + A B(t)]u(t) (3.2.1) 

S4 1 , x(t) e , w(/) e R m ^ fq 5 |^6)M 

A^(O^0A5(OM^W^MgtSC, ftsg#t&c)£P$W^ 

(1) ifcHtf AA(t)ffiAB(t) rTS^J® 

[A^(0 Afl(f)] = DF(/)[£j £ 2 ] (3.2.2) 

^4>, £b Fit )Lebesgue nTSM 

7n#Wft£$£P$, M^F 1 ^)^) < /(/^1 MWWPI)o 

(2) ESERI;E'I4, m$M{t)M&B{t) 

AA(t) = BD(t), A B(t) = BE(t) (3.2.3) 

W, D(0#i£(0:S/&^£M&. i#JEEBI&fl : 2/ + J?(0 + £ T (0>Oo 

(3) f£ 1 JftD-f AA(t)mAB(t) Rr^J® 

A A(t) = B{f j A i R i (t)), A B(t) = B(f j B i S i (t)) (3.2.4) 

1 = 1 i=l 

3£4», 4 = 4-e, T , 5,. = y;g, T , d t , e, , f t m gl n *6^|pjM; m R,(t) m 

S ; (/)M^ Lebesgue nl'ifMiP ft<Z> 

«P = {*,.(/) :|/?,-(0|<*. i = l,2,---,A:> 

<P = {S 1 .(/):|5 f (0|<S, »=1,2,-•-,/> 

(4) A4(f)ftAB(/) PT^JiiS:(3.2.4)W^, *,(Oft 



*3* 


Riccati 
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ZW = i, R,(t)> o 


/=1 

k 


Z 5 /W =1 ’ 


s t {t)> o 


(3.2.6) 


a ^ %.m i <> 

x(?) = [.4 + SA{t)\x{t) (3.2.7) 

3.2.1 Xt^fE(3.2.7),^*—^nB/ME^Xt$S?^EI^PfP—^3f$ta>0 , 

(x,0 eR n xR 


V(x,t) = 2x J P[A + A4(0]x < -a\\xf (3.2.8) 

J®*, J)IIJ^^(3.2.7)#^jji##z:^^KJo 
3.2.2 ^5ft^fl|^fft(3.2.1), 

mm, 

ik^&^MMWu(t) = Kx(t), K e R mxn , jil!l^^(3.2.1)^^JiRrWffl^ttJRjSS^ 

iTOMo 

Bill 3.2.1 MiiMM& F J (t)F(t) < I F{t) e R pxq 


2x J DF(t)Ey < sx T DD J x + e~'y T E T Ey 


ttfcMfa1txeR p ,yeR‘'ffl1frWis>0&£jL, ^D , 

IIS 3.2.2 ^Ml^Mxe^.xeT? 9 , K0: 

max {(x r Fy) 2 : F e , F T F < /} = (x T x)0' T jO 

IIII 3.2.3 & X. Y m Z k x * , fi£ X > 0 , Rft 

x T Zx>OtfjFJf##^ : faSxeR k , H 

(1) x t Kc<0; 

(2) 5{x) = (x T Yxf - 4(x T Xx)(x r Zx) > 0; 

J®]#£#$U>0, ®#T^J&5L: 


M(A) = 2 2 X + AY + Z < 0 
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'F$1 frt'f© ^ W It ft $*J Sifc 


31II 3.2.4 i%X&R kxk *£Xt$C$£|$, BeR kxm &—^mmttB p£i#JE. 
B T r) = Q$ftA^^faikri<ER k ,T] T Xri<OJ&^ft%WMLW, M'fp^E —£■ >0 , $* 
#£g|^X-^BB T <0 o 

51II 3.2.5 i& R x = R\ ,Q\ > 0,P JH Riccati M 
^P + P^ + PRjP + g, =0 

, ]®|*t$tJg. R 2 < P„0 < Q 2 < Q x W ji;t*f#)£P£ R 2 m Q 2 , Riccati 
AS'}- SA 4" SR 2 S 4* Q 2 ~ 0 

H — '\'&%tr(A + R 2 S)<zC-&}Mffi1#S, _&S>0 o 

91II 3.2.6 i£ r = rank(£ 2 ), U e , 2T e R rxm £ 2 = UX, _S. rank(£7) = 

rank(i:) =r 0 e R (m ~ r)xm , OX 1 = 0, <PG> X = / (jnM 

r=w,jaij^0=o)o ^x^=2' T (2z ,T r 1 (f/ T t/r 1 (2T T r’2', jayj&tEm t 

jfc£: 


E 2 0 t = 0 
EE 2 T E 2 E = S 

m^fe, #Xt^fl|^^gE(3.2.1), tt»$£ 

j£j£(3.2.2)TIKI 3.2.1 ^lUT^ttMi-^WSIo 

3.2.1 XTOt)£M(3.2.1), 'M&’tfc e>0, Riccati 


(A - BEE J E x ) r P + P(A- BE El E x ) + P(DD J - BEB T - - B0 1 0B 1 )P 

£ 

+ El (I - E 2 EEj )E x + el = 0 (3.2.9) 

P, J»J^fllS^gE(3.2.1)nr 

JE, a 


«(0 = -[(— 0 t 0 + E)B t P + EElE x ]x(t) (3.2.10) 

2e 
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#& e* > 0, £ e (0,0 , Riccati Ag(3.2.9)^— P 0 >0 o 

ffiRfl e > 0 , Riccati Ag(3.2.9)^-AlE;£XtM, ^fflitH 

$(3.2.10)Ji^(3.2.1)M—*^±, &«(3.2.1) 
ft&f&l#(3.2.10)$J$Mfflif^g£J: 

i(0 = M + Z)^(0^i -(B + ^(0^2)[(~^ T ^ + + ^2 T£ i]WO (3.2.11) 

2 s 

#jg Lyapunov gffc F(x) = x t Tx , J®|?&^gii(3.2.11)W#l£S, 

Jl^ 

I(x, () = -K(i) = x t P + DF^F, ? p + P{ a + DF(t)E x )]x 
d/ 

- 2x T P(B + DF(t)E 2 )[(— 0 T 0 + S)B t P + EE J 2 £,]x 

2s 

= x t (A t P + PA-~ PB0 j 0B t P - 2PBEB r P - E? E 2 EB T P 
8 

- PBSEjE^ )x + 2x J PDF(t)[E x - E 2 E(B r P + E 2 E x )]x (3.2.12) 

J&ffi7‘!l8 3.2.6 0 xmjg^ia 3.2.1^18 3.2.6, 

2x J PDF(t)[E x - E 2 Z(B t P + E 2 E x )]x 
< x J PDD J Px + x r [E x -E 2 Z(B T P + EjE x )] r [E x -E 2 Z(B J P + EjE x )]x 
= x J ( PDD J P + E x E x + PBSB 1 P - E x E 2 ZEjE x )x (3.2.13) 

^^(3.2.13)jtAIij5t(3.2.12)4 3 , 'iW3\ 

L(x, t) < x r (A r P + PA - - PB0 t 0B t P - PBEB J P - E x E 2 SEjE x 
8 

- PBSEJE x - ElE 2 SB T P + PDD t P + eJE x )x 

(A - BE El E X ) J P + P(A- BE El E x ) + P(DD J - BEB T - ^ B0 J 0B 1 )P 
+El (/ - E 2 EEl )E x +£l = 0 
Riccati A©(3.2.9), i2 —APMM L(x,t ) < -£x T x Q 

fe£(3.2.8)+W« = ^>0, 3.1.1 ft, &m<3.2.l l)J!“ifcfe£W, 

jfeie{fel ! »(3.2.10)Ji^^(3.2.1)W— 
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jE)E*fMP$ S e R mn fA—''t'm&.W K € R mxn , F T (t)F(t) < / 

fKj^flfe^PSFX/) 

jc{[/4 - BK + DF(t)(E x - £ 2 /Q] T S + S[A - BK + DF(t)(E x - E 2 K)]}x < 0 (3.2.14) 

Xt0p£ (x,t)eR n *R, x*0 , £ J5C 

17 = (A-BK) 1 S + S(A-BK) (3.2.15) 

f(0 in (x,o € r" x«, x * o 

x T Fix < -lx 1 SDF{t)(E x - E 2 K)x 

x T I7x < —2 max {x T SDF(t)(E l - E 2 K)x : F J (t)F(t ) < /} < 0, Hilt 
(x J I7x) 2 > 4max{[x J SDF(t)(E x - E 2 K)xf : F r (t)F(t)< 1} 

M3151 3.2.2, # 

(x T nx) 2 >4 (x t SDD t Sx)(x 1 (E 1 -E 2 K) T (E i -E 2 K)x) 

&SE, X = SDD J S, Y = [J,Z = (E X - E 2 K) t (E x - E 2 K) ?i£31 a 3.2.3 , 

JSIJM3IS 3.2.3, 

X 2 SDD T S + AI7 + (£) - E 2 K) j (E x -E 2 K)<0 

fe$LP = XS, 

(A-BK) t P + P(A - BK) + PDD 1 P + (£, - E 2 K) T (E x - E 2 K) = A J P + PA 
+PDD 1 P + E x E x + K J (Ej E 2 )K - K r (Ej E x +B T P)-(E 2 E X +B T P) T K< 0 (3.2.16) 

WTW S WJiia —k isUfn 

ffl, &=FE 2 fcj&W&k, BP EjE 2 fc&FJ&, 

BP*iJffl3l3S 3.2.6 tp&lftMxKo 

'MXt = [z j 0 J ~\eR mxm (in%:E 2 = o, pjr = <*>), iftr- 1 

rr/K. M 

^r^t/rjV <z> T ] = [c/2Z’ T o] = [£ 2 2 ; T o] 
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/eXl = 

K t (Ej e 2 )K - K t (Ej E x + B t P ) - (Ej E x + B J Pf K 
= L J ( E 2 T) j (E 2 T)L - L t T t (E 2 E x +B j P)~ (E]E x + B J P) J TL 
= I^EEjE 2 £ 1 L x - L\Z(ElE x + S T P) - (E x E 2 + PB)X' L, - O.OB' P - PB& Y L 2 
= W r W - (EjE 2 + PB)E{E T 2 E X + B J P) - L j 2 0B t P - PB0 t L 2 

W = -UIE T L x +U(U T Uy l (EE T y l E(EjE x +B T P) , 0jfc&3IS 3.2.6 f#@I 

A t P + PA + PDD t P+ E, t E x + W T W - (£, t E 2 + PB)E(EjE x + S T P) 
-lJ 2 0B 1 P-PB0 T L 1 < 0 

*Mi 0B t Px = 0 Wfr aX * 0 , jA±5W#U 

x t M t P + P^ + PE)E» t E + E 1 t E 1 -(£, t £ 2 +PB)S(EjE x +B t P)]x<0 (3.2.17) 

fcX = A 1 P + PA + PDD J P + El E x -(E! T E 2 + PB)S(E 2 E x +B J P),G = 0B r P , M 
183IS 3.2.4 ft, #£-^#^£>0, 

A t P + PA + PDD t P + E x E x - (E x E 2 + PB)E(E] E x + B r P) - ^ PB0 J 0B J P < 0 

(y4 - BEE] E x ) t P + P(A - BE El E x ) + P(DD T - BEB r - ^ B0 1 0B J )P 

+El (/ - E 2 EEl)E x < 0 (3.2.18) 

ili±KJlT^TOJ5C—^1^ 2> 

-sQ = (A- BE El E x ) t P + P(A- BEEl E x ) 

+ P(DD t - BEB t - - B0 T 0B T )P + El (/ - E 2 £ £ 2 t )£, 

£ 

iAst(3.2.18)^#2>0 , 

(A - BEElE x fP + P(A- BEEl E \) 

+P(Z>P> T - PSP 1 -~B0 t 0B t )P + El (/ - E 2 EE] )E x + eQ = 0 
£ 


k 


= T~ l K , ®J 
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mj,±.mmmpfQ>omi%wt£>o, ^> £ ‘>o, mmt 

ffi1iW}1$®Lie(0,e], ^sI<sQ 0 

M, I-E 2 SEj =I-U(U t U)-'U t XiMMttffiGWWLi e(0,e*],^r 

DD t -BSB t --B0 t 0B t <DD t -BSB t --B0 t 0B t 
8 £ 

0 < E , T (/ - E 2 SEj )E x +sl< E , T (/ - E 2 SEj )E x + sQ 
WI^II3.2.5, T?'J Riccati 3fg 

(A-BSE 2 E X ) T P + P(A-BSE 2 E X ) + P(DD J -B~B T --B0 T 0B T )P 

8 

+ E x (/ - E 2 SEl )E x +el= 0 

^m-mmmp a , 

A - BEE 2 £, + (DD t - B’EB' - - B0 t 0B t )P 0 

8 


W, £L P 0 > 0 0 iiE^fs o 

mJgW±^a, 

*8 3.2.1 jy£^»T: 

1^1^, flft®—fi=lo 
Ifl2^, ^Riccati #©(3.2.9), 

^m^imuWo m\mxw> 3 

l£ = £/2o % 

Riccati #©(3.2.9) 0 0MP, TO Hamilton )£P$ 
jfi£ 3.2.1 ft/tl3.2.1 M0:=£'£ 2 #^-#, jJfJ Riccati #g(3.2.9)'^ 

'$8h 

(A - B0~ > EjE x ) t P + P(A - B0~ l EjE x ) + P(DD J - B0 x B J )P 

+E X (/ - E 2 0~'eJ)E x +el = 0 (3.2.19) 

u(t) = -0~\B t P + ElE x )x(t) 0 
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% 3 ipr ST Riccati 

jtik 3 . 2.2 ^ G R mxn p, 

(A-BK) J P + P(A-BK) + PDD 1 P + (E x -E 2 K) 1 (E x -E 2 K)<0 (3.2.20) 

^##£>0 , Riccati ^®(3.2.9)^-^#iE^ P, 

e, jay»*Ep$pfn$£p$ 

K=f—<£V+~'1.B T .P + .S'£ 2 T £' 1 (3.2.21) 


JiJE.$ep$^5t(3.2.20) o 

UEB^ e>0 , Riccati ^©(3.2.9)^—P , 

JW&& > Mi?$gp$ P fq&j£(3.2.21)flft£ W$gp$ K ft APJ^j£(3.2.20)ftj£&, f#U 

(^ - BK) J P + P(A-BK) + PDD 1 P + (£, - £ 2 Ai) T (£, - E 2 K) 

= (A- BEElE x fP + P(A - BEE T 2 E X ) - PB(-0 T 0 + 2E)B 7 P + PDD 1 P 

£ 

+ Ex E x - ElE 2 E(B j P + P 2 T P,) ■- {B 1 P + PjP, ) T iTPjP, 

+ (B t P + El E x ) T E(B r P + El E x ) 

= (A- BE El E X ) J P + P(A - BE El E x ) - Pfl(- 0 T 0 + E)B r P 

£ 

+ PDD 1 P + El (/ - E 2 EEl )E x 
= -£•/< 0 

&.Z, %ft&m&xftp>offi&&&^&(3.2.20), jaassa3.2.i Mil 
e^^(3.2.i6)w#i#iie, 

3.3 


x(t) = [A + A^(?)]x(t) + [A x + AA x (t)]x(t - d(t)) + [B + AB(t)]u(t) (3.3.1) 

g*. x(t) e R n , ^ /4i 

A/4(f), M(0fPAS(0*^W^M®fC, ft^#» 
jtkBiMOfflAfiW TOT it 


A^(t) = RD(t), AS(0 = PP(f) 


( 3 . 3 . 2 ) 
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D(t) ffi E(t) AjS^TOMfSt , JiJE.EBE&ft 2I + D(t) + D J (t)>0, 
21 + E(t) + E J (t) > 0 o 

D(t) m e( o , t e n .tssj®#= 


21 + D(t) + D J (t) > 0, 21 + E(t) + E T (t) > 0 (3 33) 

(33.3)m\^m^m^mx, 

IIlWKtl, >A^(3.3.3)fn/2^«, TO 

<?>o, mmmnmt^n. 


21 + D(t) + D 1 ( t) > SI , 2/ + E(t) + E t (t) > SI 


(3.3.4) 


£113.3.1 *J1#J£EHil&ft(3.3.2). (3.3.3)W7R$£^gt(3.3.1), %(A,B) fg 


M(0 = -Xjc(/) 
A: = yB J P 


(3.3.5) 


P H Riccati 


A J P + pa- PBR~ 1 B t P + q = 0 


(3.3.6) 


W*j-^IE£j5?£eP$, Riccati 

R = ^~I, Q > DT(q)D(q) + el, \/qsQ (3.3.7) 

yd -1 


fMIlEtSo 

ra mm^^M(3.3A)^mw.MW(3.3.5)fs'mmm^M^ 

x(t) = [A + BD(q) - yBB J P - yBE(q)B r P]x(t) (3.3.8) 


fjlti Lyapunov ?K| %C 


R(x) = x T Px 


(3.3.9) 


S4 1 , )£l^ P JeI Riccati JT^(3.3.6)^}M , JHlJ V(x) , '?&PJW^t£(3.3.8)l!ft 

$fi m, P(x) 
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L(x,t) := — V(x) = x t [A t P + PA]x + 2x J PBD(q)x 
d t 

- yx T PB[2I + E(q ) + E T (q)]B r Px (3.3.10) 

JIM-jIH 3.2.1, nj£fl2 x T PBD(q)x<x T PBB J Px + x T D J (q)D(q)x , ^ilfcA^iUtA 
S'J±^, _&M5£(3.3.4), wm 

L(x,t) < x t [A t P + PA- PB(yS -1 )B J P + D r (q)D(q)]x 

*liS Riccati ^‘S(3.3.6)fd^ c t :, Win*X^ll^Wi^®., XTiS— 

L(x,t) < -sx r x < 0 

ttfvffitotenis&o Hitt, 3.3.8)*^w, 

gp^J#(3.3.5))iPSSB^^(3.3.1)W- y h##m^ft*$il'J^o 
3.3.i 

M, ©J&, 

x(t) = [A^+ MOM*) + [A x + A4(01*0 - d(t)) 

+ [B 0 + AS 0 (t)]«(?) + [Z?, + txB x (t)}u{t - h(t)) (3.4.1) 

x(t) = <p(t), t e [- max(rf*, h *), 0] 

^4>, *(OeR”JI»W>ffcSfr:i;, A 0 , At, BofflBiME 

MCA MO' 

0 <d(t)<d* < cc, d(t)<p d < 1 (3 4 2) 

0 < h(t) < h* < qo, h(t) < p h < 1 

<p(0 e C"[-max(of*,/z*),0]H^H®lito 

WTJfcsS: 
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[M>(0 Afi 0 (O] = //^(O[^i e 2 ] 

A A l (t) = II l F(t)D ] , AB l (t) = H 2 F(t)D 2 

h , h 2 , e u e 2 . 'Sfn 

F{t)&R ixj ^^U Lebesgue 

MM 

F’(t)F(t) < / (3.4.4) 

tffi, AMB x ^VXftMfaA x =A n A n ,B,=B u B n ,%* , A u eR nxr °, 

A i2 e R r “ xn , B u eR n * r FB l2 eR r » xm , r a = rank(4) , r^rank^,), 

ft, Wia, A l =A n A n =(A n C)(C~'A l2 ) , 

MJiH «(0 = -Kx{t), 

m =[A-B 0 K + HF(t)(E l -E 2 K)]x(t) 

+ [A X +H l F(t)D ] ]x(t-d(t))-[B l +H 2 F(t)D 2 ]Kx(t-h(t)) (3.4.5) 

3.4.1 *qju#£--^*miEM£gP$/’e/r x " , *fflc¥iE}£*eP$ 

7?, fL e 7?" x " 111 «>0, (£(# Lyapunov '£EbS 

V(x,) = x'(t)Px(t)+f x’( t)Rx(t)&t + [ x'(T)fFx(r)dr (3.4.6) 

J t-d(t) * /-A(/) 

L(x f , 0 r= x\t)[P{A^ - B 0 K ) + (4, - 5 0 K)'P + R + W]x{t) 

+ 2x'(t)PHF(t)(E x - E 2 K)x(t ) + 2x'(0^4 + AA X ]x(t - d(t)) 

- 2x'(t)P[B x + A B x ]Kx(t - h(t)) - x'(t - d(t))Rx(t - d(t))(\ - d(t)) 

- x'(t - h{t))Wx(t - h{t)){ 1 - h(t)) 

< - a(x(t )) 2 (3.4.7) 

^^(3.4.i), u(t)=-Kx(t), 
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u(t) = -Kx(t), ^^^t&(3.4.l)tft— 

uMam%wnfc&mi£, w&, « 

SH3.4.1 iw^n.-^mm^K^R mxn , m 

5 := PA C + A' C P + P(HH' + H X H[ + H 2 H' 2 + A XX A[ X + 5, X B' XX )P 

+ (£, - E 2 K)'(E X - E 2 K) + -1-(a; 2 A u + D[D X ) 

x ~Pd 

+ —^—K'{B[ 2 B n + D' 2 D 2 )K < 0 (3.4.8) 

1-Pa 

P, ]M^$£fa#^(3Al);l##— B&& K 

A c = 4, -P 0 K o 

ffiBE (® JH#£*f#IE;£)£P$ P iiJ£(3.4.8), m(0 = -Kx(t) , jillJM 

Wl31Jf^^E^(3.4.5)o Lyapunov ?;Eig(3.4.6), R fB fL 

R =—^—(A: 2 A u + D[D X )> 0, W = —^—K'(B' X2 B X2 + D' 2 D 2 )K > 0 (3.4.9) 
1-Pd !-Pa 

V(x t ) JilE^W, V(x,) A5)M&t|SJ^$fcI. 

L(x t ,t) = x'(t)[PA c + A' C P + - -(^12^12 + A-^ > i) + _ j- K'(B X 2 B X2 + D 2 D 2 )K]x(t) 

Pd 1 - Pa 

+ 2x'(t)PHF(t)(E x - E 2 K)x(t) + 2x'(t)PA xx A u x(t - </(/)) 

+ 2jc'(0/WiP(0£>i*(1 - d{t)) - 2x\t)PB xx B n Kx{t - h(t)) 

- 2x’(t)PH 2 F(i)D 2 Kx(t - h(t )) 

-— x\t - d(t))( A' n A x2 + D[D X )x(t - d{t))(\ - d(t)) 

l-Pd 

- —x\t - h(t))K'{B' n B X2 + D' 2 D 2 )Kx(t - A(0)(1 - h{t)) (3.4.10) 

1-Pa 


«3ia 3.2.i, m 
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2x'(t)PHF(t)(E x - E 2 K)x(t ) < x'(t)PHH'Px(t) + x'(t)(E x - E 2 K)\E X - E 2 K)x(t) 
2x'(t)PA u A n x(t -d(t)) < x'{t)PA xx A[ x Px{t) + x'{t - d{t))A[ 2 A X2 x(t - d{t)) 
2x'(t)PH x F(t)D x x(t - d(t)) < x'{t)PH x H' x Px(t) + x\t - d{t))D[D x x{t - d(t)) 

-2 x'(t)PB n B X2 Kx(t - h(t)) < x\t)PB xx B' xx Px(J) + x\t - h{t))K'B' x2 B X2 Kx{t - h(t )) 
-2x'(t)PH 2 F(t)D 2 Kx(t - h(t)) < x'(t)PH 2 H' 2 Px(t) + x\t - h{t))K'D’ 2 D 2 Kx{t - h(t)) 


M±^ttA2j5£(3.4.10), *ljffi5$(3.4.2)*qj£(3.4.8), #1J 

L(x„t) < x'(t)Sx(t) < 4„(S) || x(t) || 2 < 0 


A max (5) ^th££I^ s 

Sltfc, )(t« = -/l max (5)>0 , A^(3.4.7)5 ScaLo 
3.4.1 ^g£(3.4.1)j^##— 


D = [H H x H 2 A xx 5 n ] 


E x = 


-lT 


E[ 


A2 


12 ^ 


pd 


:D{ 0 0 


^OO 


r ^12 


^-p h 4 x ~Ph 


D’ 


jillj^|^^^(3.4.8)BTWSifl5^ 

PA C + A' C P + PDD'P + ( E x - E 2 K)\E x - E 2 K ) < 0 

i£ r = rank(£ 2 ) , U e R^ +r ^ )xr ,V e JiJiJE. 

£ 2 = UV , rank(t/) = rank(F) = r 

m\i&&& o im o e i? (m - r)xm «ja 

0V T = 0, 00' = / (0 = o #Pj| r = m) 


(3.4.11) 


(3.4.12) 

(3.4.13) 

(3.4.14) 




=■ = v T (w T y' ( u T uy' ( w T y l v 

wmigitTfe 3.2.2, 3.4.20 

3.4.2 , (s^fRiccatiM 


(3.4.15) 
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(4 - B 0 EE' 2 E X )'P + P(A 0 - B 0 EE' 2 E X ) + P(HH' + H X H{ + H 2 H' 2 + A XX A XX + B XX B’ XX 

-B 0 EB' 0 --B O 0’0B' O )P + E[{I - E 2 EE 2 )E X + —'— (A' n A n + D[D X ) + el = 0 
£ 1 ~ Ph 




3C* 


u(t) = -Kx(t) 


(3.4.17) 




— 0'0 + 
2e 


b; x p+ee 2 e x 


(3.4.18) 


im&gm 3 . 4.1 

KeR mxn j£#$gP$^5S(3.4.8)J&3[, 'MlflSC £* > 0 , 

e e (0,£*] , Riccati ^^^’©(3.4.16)^'— 

M 3.2 3.2.1, oTW#PJM^0«^^(3.4.1)M»z:^a^ 


3.5 m i 

x(t) = [^o + A^(r(0)]x(0 + [A d0 + AA d (v(t))]x(t - d(t )) 

+ [B 0 + AB(s(0)]w(0 + [B d0 + A B d (z(t))]u(t - h(t)) (3.5.1) 

k k 

AB(s(t)) = f J B i s i (0 (3-5-2) 



At. B,mA^ BdtM&TW&fi&R: 


A i =d i e i T , B i =f i g l T 


(3.5.4) 
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E— 1 ^ 

cj? 

II 

B di = W 

(3.5.5) 

, d i ,e i ,f i ,l i ,q i ,h i e R" ; g, T w ; T e R m 

o 





T=yf.dA T , 

i= 1 

*1 

r r def —T 

u =rL e i e i 

i= 1 

(3.5.6) 

^iw, 

i=l 

i=1 

(3.5.7) 

*3 

t j- def —\ 1 i 7 T 

H=v±Jh > 

i=i 

M—v^q.q, 1 

1=1 

(3.5.8) 

^=^i>A T , 

/=1 

k 4 

def — ^ T 

y=z L w i w i 

M 

(3.5.9) 

Riccati 




^M + —~I n +sQ = Q 
-m x \~m x 

(3.5.10) 

&tti-(5 0 VV --±—B M Ri x B d0 T -F 0 V 

£* 1 - W 2 


xCF + y)^- 1 ^ 7 - 

1 X IF) 

1 - m 2 



-T -H - A d0 A d0 T ( 3 . 5 . 11 ) 

e&iE%&., m, o 

m&fcwmmwij 

u = --^B^Pxit) ( 3 . 5 . 12 ) 

£ 


jayM(3.5.i)WTOS«» 



m 3 m st Riccati 
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m = [4o + A^(r(/))]*(0 - -kflo + &B(smRo-'B 0 T Px(t) 

+[A d o + M,(v(0)Mf - r,(O)-^[^ 0 + AB d (z(t))]R {) ~ 1 B 0 T Px(t - r 2 (t)) (3.5.13) 
x{t) = 0, t < 0, x(0) = x 0 

Lyapunov 2. Pfq 

L(t) = x t Tx + —L_ [' x(6>f(/„ + M)x(6) d<9 
1 - m x J t-r { 

+ -f x(0) J PB 0 (Rq-'+ Rq-'YRq-^bJ Px(0)d9 (3.5.14) 

e J t~t 2 

& c v c 2 >ofn 

c, ||x( 0H 2 <L(0< sup c 2 ||x(/ + 0)|| 2 (3.5.15) 

-T<0 <0 

mm L ^#(3.5.13)M#MT: 

L = 2 x J P(A 0 x + A Ax --BqRq-'bJPx - - A B 0 R^ l B 0 T Px) 

£ £ 

+ 2 x T P{A do x Ti + &A d x --B^B^Px --AB.^BjPxJ 

£ £ 

+ 7 -^x J (I„+M)x-^x Ti T (I n+ M)x ti +-x t PB q (R 0 ~ 1 +R 13 -'YRi l )B 0 T Px 
1 -m x \~m x £ 

-^x T ra 0 (V' + Rq'YRq- 1 )BjPx 

£ 2 2 

(3.5.16) 

, jc ri ^ x(t - r x ) ffl x t2 = x(t - t 2 ) o & ^ 21 x T y |< ax T x + y T y / a 

k *] A 

2x r J PA^x = 2x T P^^e z T ^(/)x < r^x T Pd t d^Px + F^x T g-e i - T x 

i=l i=l i=l 

<x J PTPx + x J Ux (3.5.17) 

*2 

-2x T P AB q Rq~ 1 B 0 t Px = -x T P'£ J f i g?s l {t)R () -' B q t Px 

1=1 

< x r PWPx + x t PR 0 ~ 1 VR q - 1 B 0 t Px 


(3.5.18) 
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*3 

2x t PAA d x Ti ~ 2x r py, hq^Vj (Qx f| < x r PHPx + x T| T Mx T 


i =1 


-2* T PAB rf V V^r 2 = 

(=1 

1 T ; 


~ r X r 
r i r i 


<-— x T /Wx + (1 - m 2 )x T 1 />3 0 /V V Px r 

1 - m 2 2 2 

2x J PAA dQ x T] < x 1 PA dQ A d(j J Px + x T J : 

Bltfc^(3.5.16)1^3f$ 

L < x T (P^, + 4) T/> + —^ /„ + — l — M + u)x + x 7 P(T + A d0 A d0 T + H)Px 
1 - m x 1 - m } 

- -x T P(A, W - B 0 V (V + H VV - — - W)Px 
£ l-/«2 

~-x 7 PB d ^B 7 Px Xi - X -^ x \PB^B 7 Px Xi 
£ 2 £ 2 

= x T Sx--x J PB d0 Ri'B 0 J Px u "“ D - |! > T ' 

£ £ 2 


x PB 0 Rq B 0 Px 


X 

T 

1 T 

-Vs 
|_£ 2 _ 



S -PB d0 V 

~Ri x B d 7 P -(\-m 2 ) £ R Q 


1 T 

-Vs 

£ 1 




sM P^o + A 0 r P - P[R + —±—B d0 Ri l B M T ]P + -V-M + —V 

f(l -m 2 ) 1-ffi] 1-Wi 


&Xft£(Kreindler et al., 1972) ; f#T5£J5Sc,ABt, ±5 ^aEc 


PA + A?P- PRP + U + — [ —M + — l —I n < 0 
1 -m x 1 - m ] 




3.6 


(3.5.19) 

(3.5.20) 

(3.5.21) 


(3.5.22) 


(3.5.23) 
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< x(t) = [A 0 + A4(r 0 (/))]x(?) + X![4 +&A i (r i (t))]x(t-h i (t)) + [B + AB(r q+l (t))]u(t) 

1 i=l 

x(t) = <j>(t), Vre[-/; max , 0) 

(3.6.1) 


0 < h t (/) < h t < oo, h { (/) < d t < 1 

(3.6.2) 

^max = max(/?,), J max = max(J,) 

l i 

(3.6.3) 

u{t) - -pB 1 Px(t), p> 0 

(3.6.4) 


/U$ 3.6.1 > 0 , i = 0,---,q + l,A j >0,j = 0,---,q,p>0m$& 

&p>om& 

M x =aJp+PAq-PSP + T<0 (3.6.5) 

n\%fcfcUfflgMW <t )= -pB T Px(t) M(3.6.i) 0 &a^ 


5 = M2 - * 9+1 )5S T - £o I--^-B 2 B- £-A- 

1=1 


^q+\ 


(1 + e i )A i A? + 




1 ? 1 

£ 0 i=l 


(3.6.6) 


(3.6.7) 


, W 4 g R nxn > 0 ,i = 0 ,---,q,B > 0, M 

A 2 > A4(/;-(0)M- T ( , /(0). V?;.(0, i = 0,- -q (3.6.8) 

F>AB(r 9+1 (/))AB T (r, +1 (0), Vr, +1 (0 (3.6.9) 

iE H ffi ^ m(0 = -pB T Px(t) ft A Hi ^ gt(3.6. l)'4 1 # 
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x(t) = [A i)+ AA 0 (r 0 )-p(B + A B(r q+X ))b 7 P]x(t) 
+Y J { A i+^ A i {t)) x {t- h i( t )) 

i=1 

Q A 

= A c x(t) + Y j A i x(t- h i(t )) 

i=l 


ftiX Lyapunov 


K(r,*) = * T (0/^(0 + 



(cr)i^x(o')d(T 




: x J (t)(A c T P + PA c +Y J P l )x(t) + 2x (0p£4-x(/ - h t (/)) 


i=l 


1=1 


- E(i - 4(0)* T (/ - w) *?*(* - ¥0) 

*=i 

< z T (t)s 2 z(t) = z T (ore,r T z(o 




z(0 = [x T (0, X T (?-/ 2 ,( 0 ), X T (?-^(0)] T 

’/ -M^' 1 -MA" 1 -PA q P q ~' 

„ 0 / 0 — 0 


0 0 0 ••• / 


M 0 0 0 ••• 0 
0-^0 ••• 0 


0 0 0 - 


(3.6.10) 


(3.6.11) 


(3.6.12) 


(3.6.13) 


(3.6.14) 
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A c j P + PA c+ Y j P 1 PAj ... PA q 
-P 0 


A, J P 


\ J P 


0 


-A„ 


<0 


M 0 =(A <) +AA 0 ) T P + P(A f) +AA () ) 

- pP(2BB r + BAB T + A£B T )P 

+ f j P(A i +AA i )Pr\A i+ AA i ) 1 P+Y J Pi 


i =1 


Hitfcftill m 0 < o JIJ F(/,*) < o o MtfdtJ 


(3.6.15) 


(3.6.16) 


X T Y + Y' l X<aX' r X + — Y n[ Y, a> 0 
a 


%3\ 


AA^P + PAAg <s 0 PP + — AA v t AA 0 <s 0 PP + — Aq 2 


AM 7 + M4 T < e A A J +—AA i AA l r 

£ i 

< £ l A i A 1 + A 2 

£ i 

-BAB J - ABB 1 < £ q+x BB T + — ABAB J 

£ q+l 

<£ q+l BB T +—B 2 
£ q +1 


4-P = (l/A l )I,i = l,...,qMm 

M 0 < A 0 t P + PAq + £ 0 PP + — 4) 2 + Ey / 

^0 i=l “z 

-pPt(2- Vl )B5 T -— B 2 ]P 
^+i 


(3.6.17) 


(3.6.18) 


(3.6.19) 


(3.6.20) 
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+ f /’[(l + ft)44 t + (l+— U 2 ]P 

1=i (i-4) 

= M (3-6.21) 


m x < o jp* m 0 < o 


3.7 & id 


n^(«iMo 3.i tr^i wbp#, 3.2 

&ai7*$jem#isi£«&s!, m^tar 

-RMfeMfeXo wRiccatiw^^itiT 

3.3~3.6l?M#)(tE@E^^^, %k 1 M7«fn^?§)5731t 

Riccati im 

m^tbo 

F&Jfc£o 

# # £ «t 
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4.1 31 m 

^^©rjjilSi'tT'Sf^EW^.'S.^.—, TlS^^n^(Leitmann, 1979; Barmish, 
1985 ; Petersen et al., 1986; Petersen, 1987 ; Zhou et al., 1988) 0 /H Petersen #(1986), 
Petersen(1987)fnZhou#(1988)W;£i^ i 

Sift— #3£T Riccati 

m, Riceati 

##Eri! l J|n]ll!, ft^#I l J^ciH'Klt'l4^^i5.'iwSifl!l : tl(Hollot et al., 1986; UHL, 
1991), ffnPhoojaruenchanachai #(1992), Mahmoud #(1994))il Choi (1994) 7 jf W) 

choi # 

(1995), Kim #(1996), Yu #(1997)if0 Su #(1998)jaij$ff£7l^04^#04^1£&0t 

Chio #(1995),Kim 
Riccati 

H&Yu #(1997),Su #(1998)0fMW^fM^T±^l'«]^,fl^Choi #(1995), 
Kim #( 1996)—#, Lyapunov 04T, 

Riccati 

Esfahni #(1998)^tH-^tl'l4^^^04if , 

^r—^w»«r?oini04 


pIIIM , IfillWSPiSISilhi 
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i^rass, 

fti*%W>mm&\£Mtf}^h, OTB^BtM 
iaietfJWB«$ft$^f ic is.^mmm^mm e+, nm-itM 

B^i; j^h-M, ftSftffflT, 

jg^uft iimb^m# ii£^jifo##i^ao £b 

Su #(1992), Niculescu#(1994)fr) Li #( 1996a, 1996b) 0 CTIS— 

, mnmwm^^m&Tm^nm 
bkmum, #%x&&mti3%w = ? 0 

4.2 ; Wi ! ga#^5S5g#sifWisea«*iEM##z:^e,5g 


#(t,jm««!g«tt8«iS« 

i(/) = (A + AA)x(t) + ( A , + A4,)x(/ - S(?)) 

+ (B + AB)u(t) + (S, + AS, )u(t - h(t)) 
x(t) = <l>{t), ? e[-max(S(r), h(t)), 0] (4-2.1) 

3S4 1 , i(()eJi"Ite^S, u(t)eR m Jigf^iJ^Al^i, A e S" x ” , ^ e S" x " , 

AA , AA^ AS ift AS, 
rf(0 W h(0 

g(W§, Rt??t&md\ h\ p d mp h mmm^t, jije. 

0<d(t)<d* <&, d(t)<p d <\ 

0 < h(t) < h* < co, /i(?) < /? ft < 1 (4.2.2) 

#■ fit ij£ d(t)*h(t), t e [0,max(£/(f),/z(0)] c (Z>(0 1 /E X S Banach ^ |s| 
C”[-r,0](r = max(d(t),h(t))) -h^Tfe^fiSSSl 
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V :[-r,0]i-> R n , ||^L:= sup \\y/{£)\\ 

~T<C <0 


[A A aA, a B a B x \ = HF(t)[E x E 2 E 3 E 4 \ (4.2.3) 

h , e u e 2 , £ 3 ^ tnsiri 

MF(0€i? ,x ^-^*^ Lebesgue nI«ijAWA£n^gP$®$(, 
F t (0F(/)<7 (4.2.4) 

j&, 

A = A + A/4, /ij = + A^j, B = B + A5, i?] = + A5| 

4.2.1 TOA^I^^tt0«^^(3.2.1), 

ftl# «(/) = Ac(0 , P, P„ R 2 e P”*" fn-Afea ^ > 0 

a§. : 

M$T^3ti$$)'fiWM&(3.2A), Lyapunov 

V(x(t), t) = x T (?)Px(?) + f x T (t)R,x(t)ds + f x r (t)R 2 x(t)ds (4.2.5) 

J r-t/(0 J /—/i(/) 

P, P„ P 2 eP"*”;iAf#IE;£W, «WW;),/)e«"^, O0MIW 

*U^fM0 = <*(A /e[-max(^(0,/2(0), 0]/t 

F(x(0,0<-^||A0|| 2 (4.2.6) 

ap^isc^gE(4.2.i)ji*ia+z^^5SS»##—w, f§j*5?## -&nr& 
£ W, MftJ# «(/) = Ac(0 &*3^(4.2.1M4.2.3)W—& 

m^fn^^dPT^ia: 
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3134.2.1 mm 4.2.1)^##^?^bTMteW, '^mX^&&mKeR mxn , 
xttesw p, R„R 2 e R”* n ^ > o f (o , 

fiiiL 

A 1 P + PA + K t B t P + PBK + R x + R 2 + el PA X PB X K 

A X T P -(l-^)^i 0 <0 (4-2.7) 

K J B X P 0 -{\-p h )R 2 

u{t) = Kx(t) 3j##“ o 

vtm r x , R 2 ^R nxn , j %fflmKeR mx " mtm 

e>0, XtTffiM£(3.2.4)WT*$;E'l4F(0 , ^#^^^(4.2.7)^*, 

fn?iA^ie+zMSM^¥«(o= fo{t)fe$m%%Lasn%i 

x(t) = (A+ BK^x(t) + A x x(t - d(t )) + B x Kx(t - h{t )) (4.2.8) 

#J##nT(Hj Lyapunov 

V(x(t),t) = x 7 (t)Px(t)+ f x T (s)R x x(s)ds + f x T (s)R 2 x(s)ds 

Jt-d(t) Jt-h(t) 

^f&fflET'^^(3.2.8)^TH^fB] t 

V ( x{t), t~) = x T (e)Px(t) + x T (t)Px(t) + x T (t)(R x + R 2 )x(t) 

- (l - d(t))x T (t - d(t))R x x(t - d(t )) 

- (l - h(t))x T (t - h(t))R 2 x(t - h(t)) 

= x T ( t)A 7 Px(t ) + x T (t)PAx(t) + x T ( t)K T B T Px(t ) 

+ x T (t)PBKx(t) + x T (t){R x +R 2 )x(t ) 

+ x T (t - d(tj)A x Px{t) + x T (O.P/4,x(f - d(<)) 

+ x T (t - h(tj) K*B?Px(t) + x r (t)PB x Kx(t - h(t)) 

- (l - d(t))x T (t -d(t))R x x[t - d(t)) 

- (l - h(t)^ x T (/ - h(tj) R 2 x{t - A(0) 

Hltfc K (x(/), ?) < -£-||x(0|| 2 , ItT 
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x T (t)A T Px(t) + x T (t)PAx(t) + x T (t)K T B T Px(t) 

+ x T (t)PBKx(t) + x T (t)(R x + R 2 + el)x{t) 

+ x J (t- d(t))A?Px(t) + x r (t)PA l x(t - d{t)) 

+ x T (t- h(t))K r B x r Px(t) + x T (t)PB x Kx(t - h{t)) 

- (l - d(tj) jc t (t - d(t))R x x(t - d{t)) 

- (l - h(t))x r (t - h(t))R 2 x(t - h(t )) < 0 

x T (t)A J Px(t) + x T (t)PAx(t) + x T (t)K T B T Px(t) 

+ x T (t)PBKx(t) + jc t (/)(/?j + R 2 + el}x{t) 

+ x T (t - d(t)) A X J Px(t) + x^ {t)PA x x{t - d(t )) 

+ x T (t - h{t))K J B x Px{t) + x J (t)PB x Kx(t - h(t )) 

- 0 - Pd )* T { ( ~ d{t))R x x{t -d(t)) 

-{ l ~ Ph) xJ {*- K*)) &i x {t ~ hit)) < 0 




x T (0 x T (t-d{t )) x T (/-^(?))J 


W 


x (t) 

x (t-d(t)) 
x{t-h(t )) 


<0 


(4.2.9) 



A 1 P + PA + K r B T P + PBK + R x +R 2 +sI 

PA X 

PB X K 


1 w = 

a x t p 

-(i -pM 

0 

(4.2.10) 


k t b?p 

0 

-(l-P.^2 



M 0f M W (x(t),t) e R n X R, t>0 R M W M: W x(t) = 0(t) , 

t e [-max(c?( 0 ,^( 0 )> 0 ] , d(t)*h{t) , 7e[0,max(d(7),&(0)]^^^(4.2.9)^il&^ 

t»j£, 

u(t) = Kx{t) 
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3IH4.2.2 ££*ffSciE£$g|IM # 



— 4w J Aww r Cw > 0 




x 2 a + xb + c> 0 


S14.2.1 'RRiX'^ft 
&fc\$YeR mxn , & X, ft, 0 2 e7? mx " ftI#Ma>0, p> 0(£*#;>£ 

(4.2.1 l)tij£: 


4 AT 


5jF XE?+ Y T Ej X 


s 

XA? -(1 -p rf )a o XE. 

Y J Bj o ~ (i — Pd)Qi y t e 

E x X + E 2 Y E 2 X EJ -al 

X 0 0 0 


T C T 
4 


0 

0 

0 

-pi 


<0 (4.2.11) 




S = XA t + AX + Y t B t + BY + Qj + Q 2 + aHH r 

im$k±.^mR, winmw 

u(t) = YX~ l x(t) 


(4.2.12) 


iiEBB 4.2.1, ^gE(4.2.lH4.2.3)ft##“ 

P$ K e R mxn , *f1ifcIES$£P£ P, R x , R 2 ^ R™ ft—'t*#M e > 0 W 

R^RF{t), JiJE. 


W = 


A 

A t p 

K'BfP 


PA 

-(1 -p d )A 

0 


PB X K 

0 


<0 


_ 0 Ph)Rz 


(4.2.13) 


KT, 5j = A t P + PA + K t B t P + PBK + R x + R 2 + el o M$, ^^?;(4.2.13)Rp?J® 
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W = L + AL<0 


(4.2.14) 


K4 1 , 


L = 


A t P + PA + K 7 B 7 P + PBK + R x +R 2 +eI 

A j p 

k 7 b 7 p 


PA , 
0 


PB t K 

0 

(1-Ph)R2 


\ (E x + E 3 K) 7 F 7 (t)H 7 P + PHF(t)(E l + E 3 K) PHF(t)E 2 PHF(t)E 4 K 



(HF{t)E 2 ) T P 

K 7 (HF(t)E 4 ) T P 


0 0 

0 0 

~PH~ 

r 

~PH~ 

“ 

0 

F(t)[E x +E 3 K E 2 E 4 K] + 

0 

F(t)[E x +E 3 K E 2 E 4 K] 

0 


0 





fWZ = fL% + fAL%<0 


(4.2.15) 


MM 


fAL£ = 2f 


PH 

0 

0 


F(t)[E x + E 3 K 


e 2 e a k]z 





/ 

(£ 1+ ^) x r 

m= 

[PH 0 0]^ T 

E 7 


1 

w \ 


PH o o]z\Ie 1+ e 3 k e 2 e 4 k}$ I 


?f^(4.2.i5bp 

Z 7 WZ = ?LZ + < 0 


(4.2.16) 



% 4 m m=f lmi 
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~PH 


PHH t P 0 0 

A = 

0 

0 

[ H t P 0 o] = 

0 0 0 

0 0 0 


L 2 


(e 1 + e 3 k) t 
e 2 t 

(e 4 k) t 


[■^i + E 3 K E 2 


e 4 k] 


R(fLZ) 2 -4fL,tf T L 2 {>0 o *313 4.2.2, #Sfela>Of 

# 


L + ccL^ H— L 2 — 
a 


a 

A?P 

K J B X P 


PA 

(i -pM 

0 


PB X K 

0 

( 1 - a )^2 


1 

+ — 
a 


{E.+E.K) 1 

E 2 

e a k 


[£, + E 3 K E 2 E a K ] < 0 


(4.2.17) 




S, = A t P + PA + K t B t + BK + R x +R 2 + aPHH J P 


*313 4.2.3, *tt£i£W^*a>0, 


PH 

0 

0 


fAL4 = 2f 0 I F(t)[E x +E 2 K E 2 E a K]$ 


<afL l ^ + -fL 2 ^ 
a 


Silfc^(4.2.17)^(4.2.13)-tfeJi^Wo 
#*Schur3l3, ^it(4.2.17)fffrf 
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S x PA X PB X K {E x +E 3 K'f 

A^P -(1 -p d )R x 0 E 2 t 

K t B x P 0 -(\-p h )R 2 ( E 4 K) J 

E x +E 3 K E 2 E 4 K -al 


(4.2.18) 


3IA$SP$X = .P _1 , Q x = XR x X, Q 2 =XR 2 X , M^K = YX~\ Y 
mmw, a »g 2 *^(4.2.i8)^ 


X 0 0 0 
0 X00 
0 0X0 

0 0 0 / 


J0lJ^5t(4.2.18)Wr^ 




5, 

A x X 

B X Y 

XE x + Y t E. : 

xa? 

-(i -pM 

0 

xe 2 

y t b x 

0 

Ph)R2 

y t e 4 t 

E x X + E 3 Y 

e 2 x 

e 4 y 

-al 


<0 (4.2.19) 


S 2 = XA t +AX + Y t B t + BY + Q X +Q 2 + ccHH 1 + sXX 


Schur'jlJI, #'§'P = £ 1 , ^>#^(4.2.19)nT^ / f/(j% 

S A x X B X Y XE?+Y t E1 

XA x -(1 -p d )Q x 0 XE\ 

Y t B x 0 -(1 -p d )Q 2 Y j eJ 

E x X + E 3 Y E 2 X E 4 Y -al 

X 0 0 0 


X 

0 

0 

0 

-PI 


<0 (4.2.20) 


, S — X4 t + AX + Y^B^ + BY + Q x 4- Q 2 + aMH 0 lIK-^o 

#J 4.2.1 



sm m lmi 
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0 1 


0 

0.1" 


m 


"o.r 

A = 

_! —2_ 

> 4 = 

0.! 

0.1 

, B = 

r 

> b i = 

0.2 



0 

0 


" 0 " 


~0" 

A/4 - Ai4j - 

s 5 

sin(7), AZ? - 

s 

sin(/), = 

s 


i>0, MJ(0 = 0.3 + 0.3sin(0 , /!(0 = 0.2 + 0.2cos(/) , </){t) = [ 2 -if, 
te[-2 0] o 

AA = H x F x (t)E x , A A x = H 2 F 2 (t)E 2 , A B = H 3 F 3 (t)E 3 , AB X =H 4 F 4 (t)E, 




h x =h 2 =h 3 =h 4 = 


E x =E 2 =[ 1 1], E 3 =E a =U F ( (t) = sin(?) 


^ 5 =o .7 0^, 4.2.11), nm 


0.4101 -0.2259 

-0.2259 0.5281 


Y = [-0.4313 -0.3909] 


u(t ) = Kx(t) = HT'xCO = [-1.9088 -1.5566]x(0 


4.3 



4.2 

^T>7fc,ffi Lypounov- Razumikhin /EiM, j|£— 

jc( 0 = (^ + A4)x(0 + (4 + A/lj )x(f - (0) 

+ (R + AR)m(?) + (5, + A B x )u(t - d 2 (/)) 
x{t) = (j>{t), fe[-r, 0] 


(4.3.1) 
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S W^ ® Sife 


x(t)eR n %mmtk^m, u(t)eR m A. Au B. B,A 

< 7,(0 {i=\,i)Mm^Mm^^AM^^, sue. 

O <d i (t)<T l <T, / = 1,2 (4.3.2) 


^TlO£$J3tf{lL, iSt/ 0 (0 = 0„ </>{t) e [-r,0]h-> R n 

AA. AA,, A fl, SIJE. 

[A A AB} = D 0 F 0 (t)[E 0 E b ], AA X = D x F x {t)E x , M x =D 2 F 2 {t)E 2 (4.3.3) 

D ., £,(/ = 0,1,2) ^SMS££#ClftS#$£l$, ^(00=0,1,2)^^^® 
if, Lebesgue oTPJ^J, fiSUe*^ 

F?(t)Fi(t)<I (4.3.4) 

4.3.1 ^«Htt0tJf^^(4.3.1)»^##oXIS^W, m#*- 

= IP«(4.3.1) 

Wx(0 = 0^PilMMW^.^#(4.3.3)i3(4.3.4)MA4, AS. A4,, Afl, 

iSH/SWo 

3IS4.3.1 Z), E , F^jt^fit^OT, ItfV<7 , 

>o, 

DF£ + £ T F T Z) T < £7)7)7’ + £~ X E T E 


31 il 4.3.2 fcfcA, D s £, F A: MF t F< 7, jBP^Xt 

MW>o, gpw 

(^ + DFE)P(A + DFE) t < /fP/T r + 4P£ t (£/ - EZF 1 )”’ EPA 1 + sDD r 


31II 4.3.3 A. D. E. F &MF t F<I , MAMiiM 

W^#IE^[^7 3 S#M£>0 , MWZ>-£Z)Z) T >0, MA 

(A + DFE) T P-‘(A + DFE ) < A T (P-sDD r )~ x A + s~ l E J E 

3is 4 . 3.4 m%x i (i=i,2,---,n)%^mmm&}M, m^siEM*. 


f „ YV « A n \ 

Z x < Z x < <w ZZ x , 

V (-1 / V i =1 / V *=1 / 



H4* stlmi 
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vtw m«3is&«=i0tj&y, fg« 

H = A: -1 0Tb£aL , j3lj^« = *0^ 


( k yfk V f k-\ yYi-1 \ (k-\ \ 

e*< i x i < et i> + 2 & 

V i=l J \*'=1 / V i=l ) V i=l / Vi=l / 

( k -1 Wi-l ") *-l 


X k + x k x k 


< (^ - !)[^E x i J \ Z X ij + Z X J X i + ( k - V xT k X k + xT k x k 

( N "3 

<« i x i x i 

V 1=1 J 


ffi^o 

$114.3.1 Wi^tt0«fI(4.3.1H4.3.3) o ^$Mr ; (/ = 1,2), 

£0^#£*miE$)gf^X, 0 fP^*e,.>0, a, >0, ^ >0 

(i = 1 , 2 , y = o,i,2)ffi^$T$ep£F^5$JEft3:: 


Er'^jr'y 7 < £> 






s H x H 2 ~ 




H x -J x 0 

<0 



H] 0 -J 2 


X 


xa t + z t b t 

XEl + 

AX + BY 

4 _ AoAA 

( 

E 0 X + E b Y 

0 

A 


~ X 

XA x 

X£ 7 ~ 


A x X 

E\ - Pi\D x D x 

0 


E x X 

0 

Ay 


X 

Y t bJ 

Z T £j 


B\Y 

p, 2 -p, 2 d 2 dJ 

0 


E 2 Y 

0 

Pa 1 


YpT 

n b 


>0 


>0 


>0 


(4.3.5a) 


(4.3.5b) 


(4.3.5c) 


(4.3.5d) 


(4.3.5e) 
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/=1,2 


S = AX + XA t + A x X + XAj + BY + Y T B T + 

i~o 

+ £ T l£ ,D,Dj + r x A, W x A x + T 2 B x QBl + f j f j T t x 

i =1 i=l 7=0 

h x =[xe^+y t eJ xe t x r T £ 2 T ] 

J x =diag{a 0 /, a x I, a 2 l) 
H 2 =[t x A x W x E j x t 2 B x QE 2 ] 
J 2 =d^g{x x {s x I-E x W x E T x ), t 2 {s 2 I-E 2 QE t 2 )) 

.mo 1 o< <7.(0 < t t < r ( i =1,2), 

w(0 = YX~ l x(t) 


ffiBE ?|AMffl#a(0 = ^(0- J®I*T 

#?y4)TMlOTMjt: 

i(0 = (A + BA + AA(t) + AB(t)K)x(t) 

+ (A x + A A x (t))x(t - d x (0) + (B X K + AB x K)x(t - d 2 (/)) (4.3.6) 

x(t) = <f>(t), /e[-r,0] 

^lA^PTie^-: 

4, = A + BK , <H = D 0 F 0 (t)(E 0 + E b K ) 

A 2 =B x K, AA 2 = D 2 F 2 (t)E 2 K , 4(0 = 4 +M W > i = 0,1,2 

^x(t),i>0 Affl5f'^^(4.3.6)WM, 

Leibniz-Newton A A, t > d i (t), rT# 
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fO 

x(t - d i (/)) = x(f) - x(? + 0)d# 

J-4<0 

= x (0~f |^^.(? + (9)x(?-^(0 + 6»)|d(9 (4.3.7) 


j=o 

Siit, ffl5f^^£(4.3.6)nrii(S'J®(4.3.8)&<]— 

2 2 0 f 2 


4*) = E4 (040 - E f 4(0 \ZjAj(t + G)x(t - dj (0 + 0) \ d e 

1=0 i=i J - rf 40 [ y=o J 

jc(?) = 40> ? e [~2r, 0] 


(4.3.8) 


Sift, MJ^M(4.3.8)JiAMMIt;£W, )aiJ^M(4.3.1H4.3.3)^|A^J# 

u(t)=Kx(t)fs W W Bl$r W o 

ft^^^t(4.3.8), Lyapunov iSl&A 


V(x(t), t) = x l (t)Px(t) 

W\l% Lyapunov ili5C'?n^^t(4.3.8)(Hj$flj^^TH'd‘l'0| t WAifrA 


(4.3.9) 


KW0,0 = *‘(0 


2 2 N 

p£4(0+ E4(0 

i=0 V i=0 / 


x(/) + h{x(t\ t) (4.3.10) 




2 2 

a WO, o = "E E Jl (0 2 * T (OM (04 (* + ff)x(t - d, (0 + d)de 

i -1 y-o ^ ' 

3.2.1 4.3.1, m 

K WO, 0 = 2 C T (t)M^x(t) + h{x(t), t) 

Mi=PA + A t P + PAi + y T P + PBK + K t B t P + PB,K + K 1 B\ P 


(4.3.11) 


f 2 


+ P 




E«,AA T \p + «o‘(A* + 44 ) (A + 44 ) + + « 2 4 A£ 2 k 

Vi=0 J 


MS. 
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- [ 2x J {t)PA i {t)A i (t + 0)x{t - dm + 9)&Q 

<r I x T (/)^ i (/)^4 T (/)ft(0 

+ f° x T (t-dm + 9)A](t + 0)P i : x A i (t + 9)x(t-d i (t) + 9)d9 

J-diit) J 


iB 



/ = 1,2 


m&^m 4.3.2, >0 

£•,/ - P^P, 1 > 0, e 2 I - E 2 KW 2 K J El > 0 




1=1 


<M 2 


M 2 = r, [4^ + AA T + - E \ w \ £l \ r 1 ] 

+ z 2 [fi 1 A'^ 2 A' T B, T +e 2 D 2 D 2 

+ B x KW 2 K j eI (e 2 I - E 2 KW 2 K j eJ y E 2 KW 2 K j bJ 
&3I34.3.5, Py • > o , 

4(P i0 - p iq D 0 Dq )-' 4 + Ao‘ (A + W T (A +E h K)<P 

4 (A - aiA a t r 1 ^+a? 1 a t a < p 

K 1 B\ [P i2 - p l2 D 2 D 2 )"' B X K + Pa l K T E r 2 E 2 K < P 
4(f + + 0X P, V? > 0 (i = 1,2, j = 0,1,2) 


(4.3.12) 

(4.3.13) 

(4.3.14) 


(4.3.15) 

(4.3.16) 

(4.3.17) 

(4.3.18) 
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Razumikhin feM , q > 1 : 

V(x(Z),Z)<qV(x(t),t), t-2r<4<t (4.3.19) 

#*^^(4.3.18), TO 

Z Z f ° xT(t ~ d ‘ w + ^ A J o + e ^ p ij' A j {t +w- d i (o+0)d0 

;=l y=o J - <, 49 

< Z Z f 0 * T o -4(o+ VP* - d t (o+0)d£ 

1=1 y=0 J_ ^^ 

<ZZf 9* T (O**(Od0 

2 2 

<Z r -Z ? xT ( ? ) Px ( ? ) (4.3.20) 

i=i y=o 

^^(4.3.11), (4.3.14), (4.3.20), HcTO 

f 2 2^ 

r(x(0,0<x T (0 m, +pm 2 p+Z j T iZ^ p 

V i=1 7=0 y 

= x T (t)M 3 x(t) (4.3.21) 

^-X = P~\ K = YX~\ ^&#£Xtf5tiE^eP£ 2 > 0 

IT-'l^X-'F 7 <g (4.3.22) 

iB 

M 2 = XM 3 X < AT + XA t + A } X + X4, T + BY + 7 T 5 T + 5,7 + 7 T 5, T 
+ ^>,D ; D, T + a,\E 0 X + E b Y) J (E 0 X + E b Y) + a[ l XE?E,X 

i=0 

2 

+ a^Y 1 E 2 E 2 Y + r l A l W l A^ +Y j t i £ 1 D i DJ + t 2 B x QB^ 

i=1 

+ 7,417,5, T (<?,/ - 5,17,5, T 5,17,4 T 

+r 2 5,e5 2 T (e 2 / - e 2 qej r 1 E 2 QB x +XZ 

1=1 7=0 
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ate 


^M = M 4 , q = \, M^x T (/)M 4 x(0 

Xt ^ (S T,. # ^E *f # IE aE )£ Pt x, Py, Q fU # M >9 > 0, e t > 0, a,■ > 0, p tj > 0, 

(i = l,2, y = 0,l,2)?iW^(4.3.13),(4.3.15H4.3.18), (4.3.22), URM> 0, jB|5 

? > 1 itWo< </,.(/)< r,.^r M 4 <0 o 

* Schur#-?l3l, M<0S^^(4.3.13),(4.3.15H4.3.18)W^M^ 
#5£(4.3.5b)~(4.3.5e) 0 *) W r i#JE 0 < r, < r(i = 1,2), 

Xf$faEg$SP$ X, Py, Q fOt^M p > 0, e t > 0, aj > 0, p tj > 0(i = 1,2 ,j = 0,1,2) Ji& 

^I'|4 )£ P$ 'F S (4.3.5b)~(4.3.5e) KtS^fS (4.3.22) , 3P 4 M T ffi ^ W 
0 < d t (t) < r, <t, t> 0(/ = 1,2) , 

K(x(0,0<-4,ax(M3)||x(0|| 2 (4.3.23) 

Efcj Razmikhin Sa,^^ttW^^(4.3.1)ftietJ#«(0 = 
ffi^o 

^^^^^^^(4.3.5a))i— 

**4.3.1 fgi£#*XtM;£)gP$ ft ^ 

X > a (4.3.24) 

1T 2 < a (4.3.25) 




BT^X -1 }' 1 ' < Z(2r lyT (4.3.26) 

SlttdP^WM^^I^a(t#(4.3.24), (4.3.25)WST®W(4.3.27)?ia, M 
^(4.3.5a)?ijEo 


*a -ll ' T <2 


(4.3.27) 


a^, ^4.327)XftT 


2 

z T 


r 


>o 


2j 


(4.3.28) 


^(4.3.24), (4.3.25)fP(4.3.28)tP^tt^^#5S:, nTW®^:(4.3.5bH4.3.5e)—& 

4.3.1 MMWfr, <x , *fgi 8 : 
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W 3131^1 Ao 0 tmif] in tBT ® '?£ o 

MiiM(fiXtmiEfc&lft Q , &#£#* p > o m 

Q< pi (4.3.29) 

p&'ti-imm, fim^MP^«(4.3.5b)~ 

(4.3.5e), (4.3.29)WMl0]0t?i^^#^(4.3.5a)o 

A;£ 4.3.2 (1) ££e*->M£#/hW8c, «/? WWAM, -|"II 
/? 0 =0, ^#^M^A^5t(4.3.5bH4.3.5e)Mo 

(2)^ p = (p l+ p 2 )/2 , f#itt®^f^(4.3.5bH4.3.5e),(4.3.29), MA 
fl¥, £&-/?;>*, jaij^/? 2 = /miij(2), Mff» 

Mo M«ffiA#^(4.3.5a), <* - J®J 

£}£&», ®!®J4>A=£, $t5'J(2)o 

'hA, M?i^TOI^A^(4.3.5bH4.3.5e), (4.3.29)W X, 7, 
A,, Q K^4£^»it't4^[^A#^(4.3.5b)~(4.3.5e),(4.3.29)W|Wl0^ 

iPTffiftfnlS: 


JSA'Hio' 

(4.3.5b)~(4.3.5e), (4.3.29)A MT 1 IL 2 X- 1 F t < al 


Mm 4.3.2 fMltW LMI 

ffiftNffi, 4.3.2 

M^A^(4.3.5a)Bim#^*T®WM^A#5(:: 

a _1 IY T <0 (4.3.30) 

X~ l W 2 X~ x <a~'l (4.3.31) 


& Schur *71JS, A^(4.3.30)^T^PTWtlM^^: 


Q 

Y J 


Y 

al 


>0 


(4.3.32) 


%W^ X~ x W 2 < Y h X~ x < yl , PJS$ X~ l W 2 X~ l < y 2 I , R^y 2 < a -1 , 
f(4.3.5a)tii^o 
101^4.3.1 


/ \ S VC y 




• 90 • 




gJllC: (4.3.5b)~(4.3.5e), (4.3.32)& W 2 <yX, I < yX 


*te^^tt^l^^^(4.3.5bH4.3.5e)W^(4.3.32)W|Wl0t, ^Vm^hity , 
AMRrW*(4.3.5bH4.3.5e), (4.3.32)W^M*^+&& t&R/hM —& 

Mo STO±##r, TO&aiinTM3fc&#&o 

4.3.3 (1) r WW'Nflffi, — 

a,=0, a 2 *-£«£*Wtt 4.3.1 Mo iP*(4.3.31)»SJB, JWfS'J- 

MbJM, ]gS(4.3.31)*?iJ£o 

(2) 4-a = (ai +« 2 )/2 , 5.3.1, tn^^cMS.a 2 -a l > £ , M^a^a 

mm, a 2 -a,<£nm%&%c; M«ffi^#5£(4.3.i), 
m, ^m&m&a 2 -a x <£mn$k%$L, mu 2 =a, mm° 

±&i5is to Efe lmi 

Sflit±M, bTKAil&XtE- r, , 

■-*r m t, , mm pm o < d t w< r„ t > o £gE## ri m%. „ 

0 < c? ; (/) < r t < r, 7 > 0 bTIR/SMo 

« 4.3.1 # JkHMT##W : 


'0 

1' 


■ 0 

o.r 


"5" 

. A = 

'o.r 

, A = 


, B = 


0.2 

1 

-2_ 

* 1 

.01 

0.1 


_3_ 


A4 = 


' 0 0.3' 

0.1 0.2 

sin(/), AA X = 

\ \ 

p 0 

p © 

1 _-_i 

sin(/), AB = 

'0.2' 

0 

sin (0, AB } = 

o.r 

0.! 


sin(/) 


^*>0, M 

£/(/) = |0.2sin(0|, A(r) = |0.3cos(0|, ^(0 = [2 2] T ,fe[-2 0] 

A A = D 0 F 0 (t)E 0 , AA i =D l F l (t)E ] , A B = D 0 F l (t)E b , A B ] =D 2 F 2 (t)E 2 




A> = 


'1 

0 " 


'o' 


Y 


' 0 

0.3' 

. A = 

, A = 


, £ 0 = 

0 .! 

0.2 

0 

1 

_i_ 

5 z 

_i_ 



£,=[0.1 0.1], E b 


0.2 

0 


£4=0.1 
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4 . 3 . 1 , mirm 43 . 2 , *«= 0 . 003 stwmi- 

m mm 


0.2248 -0.0895 

-0.0895 0.2496 


Y = [-0.09164 


■0.0137] 


u(t) = Kx(t) = YX~'x{t) = [-0.4500 -0.1066]x(f) 


4.4 

i(?) = (^4 + A^)x(l) + (^4 1 + A A x )x(t - d(t)) 

+ (B + AB)u(t) + (B l +AB i )u(t-h(t)) (4.4.1) 

x(l) = 4 \{t ), t e [- max (d(0, 6(0) > O] 

jc(f)eB"£)ffo&|p]*, u(Oe/TJi&f&UftA|n]*, AeR mn , A i eR nxn , 
5e/?" xm 5fPS l e/?" x, "JiBftlW^#‘ISC^o A4 A^, AS ft AB, 

40 ftKOJsft 
eaK, h\ Pd ffi Ph mmm#)t , sua 

0 < d(t) < d' < oo, d(t)<p d < 1 

0 < 6(0 < 6* < oo, 6(0 < p k < 1 (4-4.2) 

#&Tkd(t)*m, /e[0,max(rf(0,6(0)] o <t>(t) It 1ft Banach $ fa] 

C" [-r,0](r = max d((t),h(t))) ±$J 

i//:[- t, 0]\^> R n , H| oo- SU P HO|| 




(4.4.3) 
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a t - 1, a t > 0 


A B = 


E^ G r lE^ =1 >X r >0 

r= 1 r =1 


[i=l 7 = 1 

a^Ie^iE^ 1 ^ 0 


(4.4.4) 


S4 5 , £,ei?" x ”(i = l,--,A:) , FjeR nxn (j = l,-,l) , G r e R n * m (r = \,-,p) , 

// s e^ xm (5 = l,---, ? ) Ji B ^P W m £§ & , a,(i = l,-,k) , pj{j = \,-,l) , 
y r (r = 1, ■ • •, p) fP Tj s (s = 1, • • •, q) o 

S$, AA X , ABfflABjMG&M, JAJLf5J±#'SCl#MW 

E i (i = l,---,k) , Fj(j = \,-,l) , G r {r = \,--,p)MH s {s = \,---,q)%M^M€i^M , ^ a 
|W|Ht, AA, AA X , ABfPAB] RlWJi^W, 

ma, AAffigtfu 

AA(t) = | E a i W E i I E “«(0 = *’ a i (0>0 
l<=1 i=l J 


A = A + AA, A X =A X + AA X , B=B + AB, B X =B X +AB X 

fww±it, mm^MXA.iA &ibw##-#:&j£isijsio 

51 a 4.4.1 efeMAh^A T eA®fi^o 

iEPE MJf(A 1 -A 2 ) T e(A,-A 2 )>0oT# 

A^0A 2 + AjgAi < A^gA, + Aj0A 2 
Hiifc, +a 2 =1 $]a x ,a 2 >0RHMA x , A 2 , 

(a,A, + a 2 A 2 ) T Q(a x A x + « 2 A 2 ) 

= a^A^gAj + a 2 A 2 gA 2 + (A*gA 2 + A 2 gA]) 

< oc x AjQA x + cz 2 A 2 gA 2 + (Z x a 2 ^ A] gAj + A 2 gA 2 ^ 

= a x (a x +a 2 )AjQA x + 0 : 2 ( 0 :] +a 2 )A 2 gA 2 
= ofjAj QA X + a 2 A 2 QA 2 
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izm 4 . 4.1 

A r , Q t e /?”*"(/ = 1,2) , $£|S£ 7 e /T x " « > 0 , 


s 

X 


{A+h,)y 

X 

-al 

0 

0 

X 

0 

-a 

0 

Y J (B l+ H s y 

0 

0 

-(1 -P h )Qi 


(4.4.5) 


(/,y, r, s)e{l,---,/c}x{l,---,/}x{l,---,;?}x{l,---,< ? }_& 


S' = X(A + E t ) T + (A + £,.)X + (5 + G r )F + F T (£ + G r ) T 

+ Q 2 +—^-(A + F J .)<2 l (A + F J ) T 
x ~Pd 

WJ&, — 

u(t) = YX~ l x(t ) 

ffiPE Efe^ia4.2.1, ^^(4.4.1H4.4.3)^##I2?^oIte^, 


If = 


^ 1 P + PA + K J B J P + PBK + R, + R 7 + el 


PA 


A?P -(l-^)*i 

K t B?P 0 


PB X K 


<1-Ph)*2 


(4.4.6) 


<0 

& Schur?|a^S:(4.4.6)Bra— 

If, <0 


(4.4.7) 


W = A 7 P + PA + K t B t P + PBK + R x +R 2 +el 

+ PA ((i -p d )A)~ l aJp + pb x k ({i- Ph ) r 2 ) _1 k t b?p 


5IA X = p-\ a a = ff-\ mse 2 =^ 2 x, K = YX~\ 

a: e R mxn , P, P ,, R 2 e R nxn KlMfM > 0 ®#^5£(4.4.7)?iM# 
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vt&ft : x, a e /r n o-=1, 2), tm r e /r*" «> 0, 

$#T5m£: 


w 2 <0 


(4.4.8) 




W 2 = XA r +AX + Y r B T +BY + Q 2 + x(q 1 ~ 1 +a~'l)x 

+ (1 -P d f AQA r + (1 -Pk )"' BiYQi' 1 ™? 

*#5£(4.4.8)WrT 

X(A + E i f +(A + E j )X + Y T (B + G r f +(B + G r )Y + Q 2 +X^Q l - 1 +a~'l)x 
+ (1 ~P d r 1 (A + ^ )0 (A + ^) T + (1 - A)“’ (A+H s )YQ 2 A t (B, + H, ) T <0 

(4.4.9) 

r, s)e{l,"-,fc}x{l,---,/}x{l,---,/>}x{l,--.,g} 

AA lt ABmAB i miM.A]E i , /e{l,-,*}; 

F,, ;e{l,■••,/} ; G r , r e {\,..;p)mH„ s e {l,-,«r} ^^(4.4.8) 

&MM£, BP^#iC(4.4.9)^«^o 

5E$H£ *3134.4.1, 

(l-^r‘ +^y)a(A +/r y) T ( 4A10 ) 

7=1 

(l-^)- 1 5,702'EB, T <Z^(1-P/,)' 1 ( 5 1 +^) 62 , ( 5 1 +// J T ( 4AU ) 

5=1 


A = < 

Z3» 

X(A + £,.) T + (^ + £ ; .)X + 7 t (5 + G r ) T 
+(5 + G r ) 7+(i - Pd ) _I (a +^ ) a (a +) T 

Ajrs>A Z % s =l 


ijrseS 

_+(1" Ph )~ * ( 5 i +^J (*, + HJ 

ijrseS 




lmi 
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S4 1 , «S = (l,---, Ar} x {l, - • •,/} x {!,-•-,/?} x {l, • • -,^r} , 

XA T +AX + Y T B T +BY + f j (\-p d y l (A 1 +F ] )Q 1 (a x +F j 'f 

r-\ 

+£(l -Ph f (B + H s )YQ- 2 l Y T (B + H, f 

s~\ 

#*(4.4.10), (4.4.11) 

W 2 <A + Q 2 + XQ~ x X + P~ x XX (4.4.12) 

MM, 

A + XQ x ~ x X + p~ x XX <0 (4.4.13) 

A 2 StJ£5£(4.4.13), A 2 

-«■ A = ajA, + a 2 A 2 , a 1 +or 2 =l, <^>0, a 2 > 0-&'$!,51(4.4.13)) 0 A 

MIAW®i£^(4.4.13), gP^AWM^i^^M^^(4.4.13), 
(4.4.13)XteS(4.4.9)&)i^#Mo Schur^ia, #&&F£^j£(4.4.9)W^ 

ifr^«^^#5^(4.4.5) 0 \&o 

a 4.4.i mww#, 

'x{A + E,y + (A + E i )X + Y\B + G r y + (B + G r )Y X 1 <0 (4AM) 

X -al J 

f4o 

m 4.4.1 4.2.1 



^ (/ ) = p {t ) = 7l it) = Vl (0 = a 2 (/) = A(0 = r 2 (0 = *h (0 = i± f^ 

^ s=0.6 0^t, jSil Matlab/ LMI toolbox, ^^#^ffi£l^l''^F^(3.3.4), 
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1.3037 -0.7475 

-0.7475 1.8964 


Y = [-1.6814 


1.8117] 


u(t) = Kx(t) = YX~ l x(t ) = [-2.3680 -1.8860]jc(?) 


4.5 


aE 




*0) = (/4 + AA) x(t ) + (.4 j+ A/l t ) x(t - rfj (*)) 

+ + AZ?)w(0 + + A B^ju(t — ^(O) 

*0) = 00), ? e [-max(rf(/),/jO)), O] 


(4.5.1) 




i =1 

p p 


aH 2>AIZ«.- = 1 » «,>o[, ^> 0 } 

U =1 > =1 J 


(4.5.2) 


Afi = ]£^ G r l2^r =1 » Xr >0f, ^1 = { Z ^ I Z ^ = *> % >° 

I r—1 r=l J [.9=1 9=1 


^4*, £, sR nxn (i = l,---,k) ,Fj e R nxn (j = l,---,l) ,G r e R nxm (r = \,---,p), H s gR"* 1 ” 
(s = l,---,q) M: B^P , a i (i = \,---,k) , /3j(j = 1,•••,/) , y r (r = \,--,p) 40 

77 1 (5 = l,---^)»^W^##io 0 « 4 (O, ^ 2 0 )?i^( 4 . 3 . 2 )M( 4 . 4 . 3 )o 

sfniw]#^w^ 4 i« 4.2.1 £{i}M##pr«£in)®o 
mm 4.5.1 to m (4.5.1), (4.5.2)„ 

t u > 0(u = 1,2) , P uv (m = 1,2, v = 0,1,2) , 

fn^S a > 0 ?i£)£P$7F^5£ jr 1 < «/ 4 p£pT 

5 (B x+ H s )Y 

Y J (B l+ H s ) r (-1 /r)a 


K4 5 


<0 


(4.5.3) 
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+ (B + G r )Y + Y J (B + G r ) T + {B x + H S )Y + Y T (B l + H s f 
+ r, (A, + T)fF 2 +F) T +f j f j T u X 

u=\ v-0 


K 


(i,j, r, i)e{l,---,A:}x{l,---,/}x{l,---,p}x{l,---,^} 


X 

(.A + E t )X + (B + G r )Y 


XiA + Ej) 1 +Y J (B + G r ) J 


l uO 


>0 


(4.5.4) 




(/,r)e{l,---,A:}x{l,•••,/?} 


X X T (A, + F -) T 


(A l+ Fj)X 


>0 


(4.5.5) 




7'e{l, ■••,/} 


X Y T (B X +H S ) T 


(B X+ H S )Y 


l u2 


>0 


(4.5.6) 


»;=Z^v(« = 1.2), 3PAffMO«<4(0<r u , M(4.5.1) 


v=0 


fq(4.5.2)J^##or^W, 


M(0 = YX~ l x(t) 


(4.5.7) 


yy wpf xr. m i^p o 

x(0 = (A + BK + AA(t) + ABK)x(t) 

+ (A l +AA l (t))x(t-d l (t)) + (B x K + AB 1 (t)K)x(t-d 2 (t)) (4.5.8) 

x(t) = <K t \ ?e[-r, 0 ] 
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5IA*nTMie#: 

A 0 =A + BK, A4(0 = A^ + ABX, A 2 =B 1 K, M 2 (t) = AB 1 K 

A i =A i +AA l (t), i = 0,1,2 

&m, toM&m&.ssyM-xmMmimfcto. jM3^(4.5.i)5iAem«(o=**(o 

i(0 = t^(0^0-i{[ f Ut)\f u A u {t + d)x{t-d u {t) + e)\Ae 

u-0 u=\ J - d u0) U =0 J (4.5.9) 

x(t) = <j>(t), t e [-2r, 0] 

fW^t£(4.5.9), MM Lyapunov 

V{x{t),t) = x T (t)Px(t) (4.5.10) 

Lyapunov ®|5(? < S'^^E(4.5.9)6(jfjL3lE^7N'f0l f 

2 2 "\ T 

K(x(0,0 = * T (0 ^4(0+ P x(t) + h(x(t),t) (4.5.11) 

v=0 \v=0 ) 

A(jt(/),0 = -EZ f 2x T (0P4(0A(^ + W-rf„(/) + 

u =iv=o ,, -< ( ' ) 

*3134.2.1, or# 

- f° 2x T (t)PA u (t)A v (t + 0)x(t-d u (t) + 0)d9 
Kz^iOPAJOP^iOPxit) 

+ f° x J (t-d u (t) + 9)Af(t + 0)P uv x A v (t + 0)x(t-d u (t) + 0)d0 (4.5.12) 
*5134.4.1, pT# 

/ ^ f / 

4(0/? v 4v(0= 4+Z¥; ^ 4+ZW 

V M J V M 


T 
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7=1 


EW tF i) 


.7=1 


<E^[(4+W(4+*}) T ] 

7=1 


-^2 ( 0 ^ 2 v ^ 2 v (0 ~ 


ZtjM+h s ) 

s—\ 


kp 2v k t 


2>,(3+#,) 


5=1 


<Zv s [(B,+H s )KP 2v K t (B }+ H s ) t ] 


4 



M = 1,2 


Ml# 

u= 1v=0 

<2>,[(4+W(4+*}) T ] 

7=1 

+ 2>, [(^i + H t )KW 2 K T (B l +H S ) J ] 

;'=i 

i^#* 5 ia4.4.1, 

X [(.4 + E, + BK + G r K) J P$ (A + E, +BK + G r K )] < P 

UreS 

ZfijliA+FjfltfM+Fj^P 

7=1 


E^[^ T (5, + H,j I Fg(B l +H S )K]<P 

5=1 

£ 4 , s = {v-,*}x{i,-,p}, X 4 =1 > 4 > 0 - 

/.res' 

^(r + 0)P„; 1 i v (r + 0)<P, W>0, m = 1,2, v = 0,1,2 


(4.5.13) 


(4.5.14) 

(4.5.15) 

(4.5.16) 

(4.5.17) 

(4.5.18) 


J&5Lo 





• 100 • 




Razumikhin^a, miWdSMtE^Wiq >l^#T®M4^m£: 
V(x(f),f)<qV(x(0,t), t-2r<f<t 


l^#S(4.5.18)M 

Z Z £ (0 * T (* - 4, (o+* h t a+(#+*>*(* - d u (o+0)d0 

u=lv=0 " w 

< Z Z L (0 * T (' - d u (0 + - 4, (0 + <?)d0 

u~lv=Cr u 

< ZZ|° d (() ^ T (0^(0d(9<Z r »Z^ T W Px W (4.5.19) 


u= 1v=0 


M=1 V=0 


#fgi£^(4.5.15M4.5.17)?i£B4, ^it(4.5.14)fflxt(4.5.19), 


V(x(t),t) < x T (/) 


2 2 


P(,4 + BK + A, + B,K) + (A + BK + A, +B,K) T P + A + Z r «Z^ P 

w=l v=0 


= x [ (t)M x x(t) 




A = Z^ 

ijrseT 


PE t +Ejp + PFj +F]P + G r K + K r Gj +H S K + K r H] '' 

v +r ,P(A + F J Wr (A + Fj ?P+ T 2 P (A + H s )KW 2 K T (S, + //, ) T P^ 


K4 3 , T = {l, •••,&} x{l, •••,/} X (l,. ••,/?} x{l,..., < 7 } o 

a m, < o M, in A M < 0 , «« 

4" A $tJ5L Mj < 0 o 

4- AT = P“', K = IX- 1 , ifcfipftiE#* a > o 

X _1 1F 2 X _1 <a -1 / (4.5.20) 


UP4, M 

M 2 =(A + E t )X + X(z( + P,) T + (A + Fj)X + (A + F j) J X 

+ (B + G s )Y + Y t (B + G r ) T + (B l + H S )Y + Y 1 (B l + H s f 
+ r, (A + Fj )W x (A + Fj ) t + r 2 a-' (B, + // s )1 T t (S, + H s ) T 

+ 9ZZ^<° 

«=1 v=0 


(4.5.21) 
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K4 3 , (i, j, r, s)e{l,---,/c}x{l,--.,/jx{l,---,p}x{l,---,^} , 

V(x(t),t) < x r (t)M i x(t) < 0 

4?M = M 2 ,q = l, S^x T 0)M,x0) HltfcM 

P uv fd#i«>0li^.T#S;(4.5.15H4.5.17), (4.5.20)WSAf<0, 
<&&&&—ytfrA'tfiq, ?>lffilWO<</,(()<r,<r, /> 0 , « = 1,2 , 

V(x(t),t)<-A max (M x )\\x(t)f 

^ Razumikhin A^S,T'^/E^S'l4H'j''i^^^t,(4.5.1), (4.5.2)^®$!] w(0 = HT’xO) 

(4.5.4M4.5.6)—*&, |W|#nmilitiPT 

(Sl@: 

ffiUH 4.5.1 

ik'biky 

m%'. i£(4.5.3)~(4.5.6)25. W 2 < yX, I < yX 

M'Mtyo a m^-m 

mm c 

^4.5.1 

(1) in%£ ?fc^a M ol^i ttj = 0, a 2 j0-— 

4.5.i M(4.5.20) m&, nn3\-tm^Mo 

(2) fgi5(4.5.20)T?i£, 4- a = (a x + a 2 )/2 , jfc&|S]M 4.5.1, M a 2 -a, > e , 

jUiJ^a! =a^3](2), a 2 -a x < e uHT'2=fx\‘(4.5.20), T^SaE-M 1 ] 

tfesi—IS bTM , T?iy£Mil « 2 - a, < £ jaWftffcSit, M4" a 2 -a a 

S^^t(4.5.1), (4.5.2)^^— 

t u m-mmm, t u w±#, imsiwo<</„( o< * u , t> o mm 

#ffift#JO<c/ H (0<*u < r *>'>o, w = 

0j 4.5.1 %li*^ifflT#il^tt«S0t^^^t(4.5.1) : 


A = 


0 1 
1 -2 


, - 


0 0.1 

0.1 0.1 


B = 


> *.= 


0.1 

0.2 
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A A: 


A B = 


0 0.3 

0.1 0.2 
0.2 


0 


sin (t), AA } 

r 

sin(f), A/?! = 


0.1 

0.1 


0 0 
0.1 0.1 

sin(f) 


sin(f) 


Jt-tf 5 , 5 > 0 , H# 

d{t) = |0.2sin(/)|, h(t) = |0.3cos(/)|, </>{t) = \2 2] T , ?e[-2 0] 


E\ — E 2 ' 


0 -0.3 

- 0.1 - 0.2 


F l= -F 2 


0 0 
- 0.1 - 0.1 


G,= 


"-0.2" 


"0.21 


-o.f 

, h 2 = 

"o.r 

, g 2 = 


, //, = 


0.1 

0 J 


_ 0 _ 


-0.1 



cc x (t) = y x {t) = ri x (t) = 1 S ^ , P x (t)-- 


a 2 (0 = r 2 ( { ) = 7 2 (0 : 


2 

1 + sin(/) 


, p 2 (t)= 


1 - cos(/) 

2 

1 + cos(0 


4.5.1, = 0.001 EWtf-SRpM 


A' 


0.1483 -0.0248 

-0.0248 0.2255 


Y = [-0.0546 -0.0192] 


u(t) = Kx(t) = YX~ l x(t) = [-0.3897 -0.1279]x(f) 


4.6 

UWo {SJH^Bti^ftiB^, 3 —^ d P#iSS | Jg-'l' 5 ]^, 

Lyapunov 
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x(k +1) - Ax(k) + A d x(k - r) + Bu(k ) + B d u(k - r) 

jc(/) = 0(k), -r< k< 0 (4.6.1) 

w(£)£iT A ^IfuA^S:, r>oAMNi$, ^ 

A r = max r RTSS!o </>{k) ^, 

Ads B „ 5j'fiTA(4.6.2)fHJ^^]t rl ]^'[l!'t^[*I 


(A 4 ,, 5, B d )eS:= j (A 5, 5 rf )| (A B, B d ) 

= Z^M. 4- 5 f , 5„); C, >0; jr$ =1;) (4.6.2) 

/-l /-I J 

Jt*. ( 4 , Ai, Si. 

At> g u(k ) = £*(£), 

MA«l^'l4(4.6.2)T^A^;ffl##ll^^o 
ffem^lAinT^IS: 

Hi! 4.6.1 bfa&WN, X, Y, Z , X ffl Z MM 

[X Y I . 
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K(fc) = Kx(k) ftA(4.6.1)f#flJ£nT 

x(k +1) = Ax(k ) + A d x(k - r) 


(4.6.3) 


, A = A + BK, A d = A d + B d K 0 , Mf^nT 

£3: 

$1 4.6.1 )ftf^ltr>0, r]f|5 

H, Q, zmimvffi& 


r 

-V 

aJx 

HAi-ij 

-V 

-Q 

AlX 

YAlZ 

X4 ; . 


-X 

0 

fZ(A i -I) 

TZA di 

0 

-FZ 


<0 


(4.6.4a) 


i' = 1,2,■■■N 
H V~ 


V T z 


>0 


(4.6.4b) 




r = -x + tH + v + v t +q 

idEBJl Lyapunov Hiifc: 

V(x(k)) = x r (k)Xx(k) + Y x r (0)Qx(0)+ Y Y Ax T 00ZAx(s) (4.6.5) 

0=- r s~k+@ 


^4^* Ax(k) = x(k + \ )-x(&), 


k -1 

]T Ax(#) = Jt(&) - x(k - r) 

O-k-z 


(4.6.6) 


&#«(4.6.3)nJlitM 

x(A: + l) = (Z + ^ d )x(A:)-i d ^ Ax(6») (4.6.7) 

e=h-r 

f=r, v( X (k)) w^ii^ 
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AK(jc(it)) = x T (A:)(i T Z4 + 2i T X4^ +2^JX4 rf -Jf + 0)x(*) 

- 2x T (&) a|J XA d x(k -f) + x T (k -t)(a]XA d -Q)x(k-¥) 

k-\ 

+ zAx T (k)ZAx(k) - Y Ax t (6»)ZAx(6») 


0=k-t 


k -1 


■ 2x T (k\A + A d ) T XA d Y AxW 


(4.6.8) 


e=k-r 


& 3 ia 4.6.1 53 i, $p^( 4 . 6 . 4 b)to, jay^r 

k~ 1 

-2 x T (k)(A + A d ) T XA d Y MW 

0 = 1 fc-f 

fc-1 

<rx T (it)//x(yt) + 2x T (A:)(F-(Z + i rf ) T X4 l/ ) £ Ax(<9) 

' <9=£-r 
A-l 

+ ^ Ax t (6>)ZAx(6>) 

0=*-r 


^5£(4.6.8)*nj£(4.6.9), ^ 

x(£) 
x(£ - r) 


AK(x(&)) J 


x(k) 
x(k - t) 


S4> 


17 A T XA d -V+ t(A-I) j ZA d 

_ * -Q + a] XA d + T A d ZA d 

n = A J XA -X + tH + V + V t +Q + t(A-I) t Z(A-I) 


(4.6.9) 


(4.6.10) 


M&&, #n^(4.6.9)J5S<u£, MM = F&&A'$}S>0 : £ 

AK(x(A:)) < —£-|x(A:)|| 2 (4.6.11) 

tec E±3 Schur6iaaS(4.6.4)Mia't4, M(4.6.4)#iiE7 A d <0 , i*Jo5$(4.6.11) 

^(4.6.4 mm 

Mo vwrmmTMMo 

$114.6.2 Tin r > 0 , ffl^ll^(4.6.3))tfTft:^BT$re[0, r]fP 
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i\ m, w^ Rm&WL. Nm& 




% 

-N 


r(^ 3i -^) 

-N 7 

-W 

^23, 

«^4i 

<4 

< 

-Y 

0 

JZi^-L) 


0 

-tR 


i - 

1,2,-, 

N 


“ M 

N 1 





>0 


_N t 

^‘J 


%=- 

Y + TM + N + N 7 +W 


<%4i=q s ,=yaJ + i7b] 

0 1Ai =0 lii =YA 1 di+ L T Bl 


tWft, 




(4.6.12a) 


(4.6.12b) 


u(k) = LY~ x x{k) (4.6.13) 

KEW &j^(4.6Aa)#]^ft%mVldiag{x-',X-\Z- { } , £5£(4.6.4b)(ft££- 
ft 3>J m QJL diag {x-\Z~ 1 } , IWI ft ft Y = X~\ M = X-'HX~\ N = X~ l VX~\ 
W = X~ x QX~\ R = Z~\ L = KY, jfllJ#S02f^5£(4.6.11) Q vE^ a 

M^^(4.6.13)^{bTe^!l#W«[^ji^:, {B&^(4.6.12b)Ji«i4)£P$ 
^5$, ^fgiwi^(4.6.i2a)KAL^M 0 

4.6.1 S<R~ X , PJ(4.6.12b)j&tL, M 


M 

N t 



S^R' 1 


(4.6.14) 


XS S<R-' R < S - 1 , II±&&#(4.6.14)X WT 
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' M 

N~ 

>0, 

S" 1 

I 

_N J 

S 

/ 

R~ l 


>0 


(4.6.15) 


Sitfc, 7\ J, S;(4.6.12b)oIW^7 


M 

N J 



T / 
I J 


>0, T = S~\ J = R~ l 




S'Mt Trace(5T + RJ) 
^(4.6.1 la)fq 


‘ M 

N~ 

>0, 

"r 

/■ 

>0 

_N J 

S 

/ 

j 



T>0, J>0 


S 

I 



R 1 


1 J 


(4.6.16) 


(4.6.17) 


m&nivmmnTMn-m: 

(1) iS#—r>0®#^(4.6.12a)#&—'b'HffriS, 4'F 0 =r Q 

(2) tm-m.(Y 0 , M 0 , W Q , L 0 , N 0 , Rq, 7’ 0 ,y 0 )?ijB^:(4.6.12a)^(4.6.17),4- 

k - 0 o 

(3) ffiiPTWftffiTO®: 

M/Mt Trac e(S k T+ T k S + R k J + J k R) 


&3M: ^(4.6.12a)|fl^(4.6.17) 

^ 7fc+l = J■> Rk +1 = R’ $k+l = T k+ i = T o 

(4) M^H4.6.12b)#glJ$i£, !i!lJ^F 0 =T , jg®(2), J#iP r , 

(4.6.11b)?8:W?it,5L, K^k>k*, , iSJB'J k = k + 1 0 
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5.1 31 m 

, 4#SlJJi Lyapunov , 

tm*, mitt, 

g&^UMXo 


5.2 


IaE 




# MT A«0t #«: 


i(?) = (A + A A(t))x(t) + (A, + A/4 t (0)x(f - d(t)) + (B + A B)u{t) 
x{t) = (/>{t), ?e[-r,0] 


S4 3 , x(/)e *"*){&£$*, «(()erge®iA^]l; AeR nxn , A,eR nxn , 
B 0 e R nxm Jiti^lW^'t^o $EP$ M{t) , AA,{t) m A B{t) 

^mm^Urn , ^fixW^EIE^it r ffilWf i»J£ 

0<J(0<r (5.2.2) 


'SMT Banach £|b] C"[-r,0] ±fttifc?£g# 
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<F:[-r ,0]^R\ 1^:= sup ||yr|| (5.2.3) 

~T<T ]<0 

[A^CO AB(t)] = E 3 ], M l (t) = H 2 F 2 (t)E 2 (5.2.4) 

F k (t)eR‘* J (k = 1,2) Lebesgue nfiiJW, # 

i«J£ 

Fk (t)F k (t) < /, * = 1,2 (5.2.5) 

JC4 1 , H r , £,(1 = 1,2, y = 1,2,3)'EM 

^F i (/X* = 1.2)*$PW l 0^#^l s fi4x ^ BWo 

ATfgtf^Ja, is 

A(t) = A + M(t), A l (t) = A l +AA 1 (t), B(t) = B + AB(t) (5.2.6) 

mmm ^(/ > o) w tm rtw am^m»ii, *nnirai a#pt a : 

m$L 5.2.) x(i >o)w , 

MtE^wmn 

z(t) = Q Xl x(t), A>0 (5.2.7) 

W , M^A©(5.2.i)® m(0 = o nm z(t) = o W¥ WA 

Wo ha> o)## n$mm 

w, m(o=&( o 

aii(i>o)t#i^o 

^gy##H^'(4^ 0 fgM^(5.2.i)®«(/) = o , F(t) = o M d(t) = o 
^w, WA+A x ^~Hn.&$m a 

MS. 5.2.1 XtAAfil)Etltt0^^^(5.2.1) {u(t) = 0), r $f£(5.2.2) 

SS^>0), )i|iA^^*^rMJtA(2>0)##KW, 

^ 1 ^ j, p, ., P2 fP#M«i >0, a 2 > 0, /?, > 0, /? 2 > 0, £• > 0fitj 2 .li(T 
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sT 

03 



H 

1 

jZ 

o 

<0 


M 2 0 - N l\ 


X 

e Ar XA T q A x XEJ 1 

c At AX 


0 

e Ar E^X 

0 

/V 

X 

e 2/lr X4 1 T e 

•} Ar XE 2 

i 2At A x X 

p 2 -p 2 H 2 H T 2 

0 

z 2At E 2 X 

0 

/y 


(5.2.8a) 


(5.2.8b) 


(5.2.8c) 


£4> 

2 

5 = 2(A + r)X + AX + XA J + A x X + XA x + a,#,//, 1 + teH 2 H J + (^ + P 2 )A , T 

t=1 

M, = [XE, T XE 2 t ], A) = diag{a,/, « 2 /} 

M 2 = rA x (P x + P 2 )E 2 , N 2 =t[eI-E 2 (P 1 +P 2 )E 2 ~\ 

iEBJl 

f° 

x(t-d(t)) = x(t)-\ x{t + d) Ad (5.2.9) 

J -</«) 

is# m(o= o at mm%m(52A)&y^Mtb-^m ■. 

x(t) = [A{t) + A x {t)]x{t) 

- f At(t)\A(t + s)x(/ + s) + A x (t + s)x(t -<i(0 + s)]cLs 

J-d(t) 

x(t) = <p(t), t e [-2r,0] (5.2.10) 

%%t(5 -2.1 W o 

X^^^E(5.2.10)#^z(0 = e A ‘x(t), A>0, 

W, !i!'J^^(5.2.1)«^-«M® A(A > 0) 

Lyapunov 
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V(z(t),t) = z T (t)Pz(t) 

v{z{t)jy^%i%{52A0)m\^^nt^^n 

V(z(t),t) = z T (t)Pz(t)z + z J (t)Pz(t ) 

= [/l e A 'x(t) + e A 'x(o] T Px(t) + z T (0P[Ae*x(0 + e A 'x(t)] 

= z T (0 j[A/ + A(t) + 4 (,)] T P + P[XI + A(t) + A, (0]} z(0 + L(z(t),x(t),t ) 

(5.2.11) 

L(z(t),x(t),t) 

= -2z T (t)P J A x {t)\^A{t + s)<s M x{t + s) + Aj (i + s)e At x(t - d(t) + s)Jds 

= -2z t (t)P f ° A, (/) r e~ As A(t + s)z(t + s) + e X(d(,) ~ s) A^ (t + s)z(t - d(t) + s)]ds 

J -d(t) L J 

&3IS4.2.3 4.3.1, nl# 

V(z(t),t) < z T (t)W,z(t) + L{z(t),t) (5.2.12) 




W\ =(AI + A + A ^ 1 P + P(XI + A + A,) 

+ a x PH { HjP + a 2 PH 2 HjP +—Ej+ — E T 2 E 2 

CC\ &2 


R 

L{z{t),t ) < TZ 1 (t)PA,(t)P x A]Pz{t) 

+ [° z T (/ + s)e~ Xs A T (t + s)Pf‘A(t + s)e~ Xs z(t + s)ds 

J-d(0 

+ rz T (t)PA t (t)P 2 Aj (t)Pz(t) 

+ f° z T (t - d(t) + s)e X(d(,) ~ s) Af(t + s)P 2 'A^(t + s)e X(d(,ys) z(t - d(t) + s)ds 

J -d{t) 

OT3IS 4.3.2, am 
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^^ /E BIt*SI 


L(z(t),t) < zz 1 (t)P\^A x {P x + P 2 )A? + sH 2 H t 2 

+A X (P x + P 2 )E 2 [*/ -E 2 (P X + P 2 )Ej ]“‘ E 2 (P x + P 2 )Aj Pz(t) 

+ J° z T ( t + s)e _,lj A t (t + s)P x ~ i A(t + s)e~ As z(t + s)d? 

+ f z T (t- d(t) + s)e AW ' ) - s) /f 1 T (t + s)P 2 ~‘A x (t + s)e Am) ~ s) z(t - d(t ) + j)ds 

J-d(t) 


(5.2.13) 

P i mP 2 

sI-E 2 (P ] +P 2 )E 2 >0, Vt> 0 (5.2.14) 

iuim&um a > o(»=i, 2) : 

e Ar /l T (^ - p x H x Hj)~'Ae Ar + J3 X ] e Ar E x E x e Ar < P (5.2.15) 

e Ur A , T (P 2 - P 2 H 2 H\y l A x e 2Ar + j3~ l e 2Ar EjE 2 e 2AT < P (5.2.16) 

/j - p x H x Hj > 0 (5.2.17) 

P 2 - P 2 H 2 Hl > 0 (5.2.18) 

ms is4.3.4, 

e Ar A T (t + s)P~ l A(t + s)e AT < P, \/t> 0 (5.2.19) 

e 2AT A?(t + s)P 2 'A x (t + s)e 2AT <P, Vr> 0 (5.2.20) 

Xt-T<-of(0<s<0W 

e - * i i4 T (f + s)Jf 1 ,4(/ + ,s)e"* r <P, V?>0 (5.2.21) 

^W,)-s) A J (? + s )p~'A x {t + s)e A(d(,) ~ s) <P, V/>0 (5.2.22) 

^MRazumikhin^a, ^iUW&M^^WL q > 1 , 

V(z{s),s)<qV(z(t),t), t-2r<s<t (5.2.23) 
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*55(5.2.21) ~ (5.2.23), opf# 

V{zit),t)<z v if)W 2 z{t) (5.2.24) 

W 2 = (II + A + A, ) T P + P(AI +A + A l ) + a x PH x H x P + <x 2 PH 2 HlP 

+ —E X E X + — E\ E 2 + 2qrP + rP[ A X {P X + P 2 )A X + elI 2 H 2 ]p 
a\ a 2 L J 

+ tPA x (P x + P 2 )E 2 [el -E 2 (P x + P 2 )Ej ]~‘ E 2 (P X + P 2 )A X P 

31 Air X = p-\ s.4- W 3 = XW 2 X , 

W 3 = X(AI + A + A x ) T +(AI + A + A,)X + a x H x H x + a 2 H 2 H 2 

+ — XE x t E x X + —XEJe 2 X + 2<]tX + t\a x (P x +P 2 )A? + eH 2 H?~\ 
a x a 2 L J 

+ tA x (P x + P 2 )El [el - E 2 (P x + P 2 )E 2 ]"' E 2 (P x + P 2 )A X T 

^>W = W 3 , = U r>0 , # 

X, P ,, P 2 flUE^i a x >0, a 2 > 0, f3 x > 0, p 2 > 0, e > 

^(5.2.14)~(5.2.18)5. W <0 , %'A — q >1 M 

0 < d(t) < t W W 3 < 0 , §P ^ (ft M 0 < d(t ) < v M V(z(t),t) < -a|z(r)|| 2 , ^ I 3 

«=-■Aax (w 2 ) > o, A max (w 2 ) w 2 MMxmEm : 

Hitt* Razumikhin MM, 0 < d{t) < r (5.2.7) 

IlSWo o< d(t)< t fn?iAtA;(5.2.5)i i Jfit,i^(tJ^Ffll^'l* 

Ff(t), A o 

MfS, * Schur^UloI^P, W<0 WAA(5.2.14H5.2.18)#(frAitM^^ 
5^(5.2.8) 0 ilE^o 

laiiirti 5.2.i, ?isfnnTw#iy^^(5.2.i)*^rttAE«js##TO 

Si 5.2.2 lUjt(5.2.1), &£#£r?iJ£55(5.2.5)*q 

a(a> o), p x , p 2 , 

iiM. Y a x > 0, a 2 > 0, /?, > 0, p 2 > 0, £ > 0 , #UE.I^T 
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(5.2.25a) 

(5.2.25b) 

(5.2.25c) 

S = 2(A + t)X + AX + XA t + A x X + XA x +BY + Y t B t 

2 

+ J] + tsH 2 H 2 + tAj (P, + P 2 )/l, T 

(=1 

M ] = [X£ 1 T + Y 1 E] XE 2 ], N x = diag {a x I, a 2 I} 

M 2 = tMP, + P 2 )El, N 2 = z[el -E 2 (P l+ P 2 )Ej ] 


M, M n 


Ml 

Ml 


-N, 


0 

-N-, 


<0 


X 

e Ar (AX + BY) 
e Ar (E x X + E 3 Y) 


X 


e Ar (XA r + Y t B t ) z X t (XEJ + Y 1 E 3 ) 


0 


e 2Zr XA x 


0 

P\I 


>0 


2Xx 


xeJ 


e 2Ar A,X P 2 -p 2 H 2 H J 2 


e 2Ar E 2 X 


j2 iL 2 

o 


o 

p 2 i 


>0 


Ml u(t) = YX l x(t) A \L 

m &u(t)=Kx(t), 

x{t) = [A c +H x F x (t)E c ]x{t) + {A x +H 2 F 2 (t)E 2 )x(t-d(t )) (5.2.26) 




A c = A + BK, E C =E X + E 3 K 

5.2.i ? #&M3\k = yx~' , iy5.2.2o 

sties 5.2.1, maMurm lmi 
a wstit±^ t o 

HB 5.2.1 


Pzitr 
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&1M: ^I4£M^^(5.2.8) 

X > 0, P x > 0, P 2 > 0; a, > 0, a 2 > 0, /?, > 0, /3 2 > 0, e > 0 

|W]#STO3S 5.2.2, LMI l'S]®Rl^#^#Htif^^(5.2.1)^ 

RB 5.2.2 


mxilr 

l£tt£§P^^(5.2.25) 

X > 0, P x > 0, P 2 > 0; a, > 0, a 2 > 0, /?, > 0, P 2 > 0, e > 0 

#|J 5.2.1 


'0 1 ■ 


' 0 

0 ' 

, 5 = 

' 2 " 

, 4 = 




_1 - 2 _ 

5 1 

_ 0.1 

0.1 


_3_ 



T 


' 0 . 2 " 

7/, = 


, h 2 = 


1 

0 


0.1 


, E x = E 2 = [ 0.1 0 . 1 ], £ 3 =1 


MR, F x (t) = F 2 (t) = sin(0, d(t) = 0 .l|sin(/)|, </>{t) = [2 if „ 

®./i = o, A = 1.2, 

X = [-0.6281 -0.0724], AT = [-1.8123 -0.6810] 


5.3 


HA 5 


Zames HHiMSf LQG 

& LQG{$jflWfR5>^#3£j&W; 

Wo Slit, 

0 Ht o 
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5.3.1 

x(t) = (A + AA)x(t) + (A l + AA x )x(t -d(t)) 

■+■ (^B + A B ^w(l) + i^B x AZ?, h(t)) + ( B 2 + A/? 2 )w(^) 
z(?) = (C + AC)x(?) + (C, + AC, )x(t - d(t )) 

+ (D + AD)m(/) + (A +&D l )u(t-h(t)) + (B 3 + AB 3 )w(t) 
x(t) = <f>(t), t e [-max(rf(/),/z(V))>0] (5.3.1) 

u(t)eR m ' Aft®, z(?) e /?” 2 

ft*, ®f0er *^gEMTtt^A|p]io ^4e R nxn , A x e R nxn , BeR n * m ', 

B x e R" xm ' , fi 2 e /C* m2 , C e /T 2 *" , C, e 4T 2 *" , D e tf m2Xm ' , D, e R m '™' ffl 
B,6r” ! fe»^fW. A/1, A/f, , A5, AB X , AC, AC,, AD, AD, 

, h\ p d m, 
0 <d(t)<d* <&>, d(t)<p d < 1 

0 </?(/)</?* < co, /i(l) << 1 (5.3.2) 

# fit iS d(t)*h(t), t e[0,max(<3?(l),/z(0)] o </>{t) I® I(E Banach |b] 
C n [-r,0](r = vaax(d{t),h{t ))) _t 

y/:[-r,0]i->/?'\ HI 00 - sup |HO|| 

- r <^<0 

A = A + AA, A,=A I +AA ] , B=B + AB, B X =B X +AB X , B 2 =B 2 +AB 2 

C = C + AC, C, = C, + AC,, D = D + AD, D, = D, + AD,, B 3 =B 2 +AB 3 (5.3.3) 

5.3.1 fMI£14^«Bt;§M(5.3.i), r > 0 , M)¥£iE 

p, .ft,, /f 2 e 
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5 * 


5, 

PA 

PBK 

pb 2 

C T +K t D t ~ 



A X P 


0 

0 

c, T 



K t B x R 

0 

— 0 _ Ph )^2 

0 

k t d x t 

<0 

(5.3.4) 

B 2 t 

0 

0 

-r 2 i 

b 3 t 



C + DK 

c, 

D { K 

b 3 

— / 



= A t P+PA+K t B t P + 

PBK + R } +R 2 

+ el 

, (5.3.1); 

i:## 


h x -y rt m&&3, jaifaew «(/)=mo H x - r mfe&pm 0 
mx^x 5 . 3.1 

£11 5.3.1 ^^^^(5.3.1)^##^-r 1131 Agftjfl 

u(t) = Kx(t)Js, = P 

x(t) = <f>(t), ?e[-max(^( 0 ,/?(OXO])T, 

lM)|| 2 <HH4 (5.3.5) 

flEW fgi£##IE^)0^)£|S$ P, A„ R 2 e P"*" flO£P$ A: e P” 1 *" A 

«(5.3.4)itALo ?iA^ttMs^ti#«co=^(o, 

Lyapunov i MWLi 

V(x(t),w{t),t) = x r (t)Px{t)+[ x T (s)R x x(s)ds + [ x T (s)R 2 x(s)ds (5.3.6) 

J t-d(t) * t-h(t) 

U&&#^^E(5.3.1)#J^, V{x{t),w{t),t) Ettla] t 
V(x(t),w(t),t) 

= x 1 (t)Px(t) + x T (t)Px(t) + x T (t)(R x + R 2 MO 

- (1 - d{t))x T (t - d{t))R x x(t - d(t)) - (1 - h{t))x T (t - h{t))R 2 x{t - h{t)) 

= x T ( t)TPx(t) + x T (t)PAx(t) + X 1 ( t)K T B T Px(t ) 

+ x T (t)PBKx(t) + x T (0(Aj + P 2 MO + * T (t)PB 2 Mt) + w T ( t)B 2 Px(t ) 

+ x T 0 - d(t))A x Px(t) + x 1 {t)PA x x(t - ^(0) 

+ x T 0 - h{t))K T B x Px(t) + x T ( t)PB x Kx(t - h(t)) 

- (1 - c/(0)x T (? - d(t))R x x(t - d(t)) 

T (5.3.7) 

- (1 - h(t))x J (t - h(t))R 2 x(t - h(t)) 

Sw(?) = OEM «PJ^#(5.3.2), iq£^(53.8)J&&ll®Jf^&l:##—&& 
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x T ( t)A T Px(t ) + x T ( t)PAx(t ) + x 1 ( t)K T B T Px(t ) 

+ x T (t)PBKx(t) + x T (t)(R x +R 2 + el)x(t ) 

+ x T (/ - <3?(0) 4 t Pjc(/) + x T {t)PA x x{t - d(i )) 

+ x T (/ - A(0 ) A' t 5 1 t Px( 0 + x T (?)/ > 5 1 &(? - A(0) 
- (1 - P d )* T (t ~ d{tj)R x x(t - d(tj) 

-(1 - Ph)x T {* ~ h (t))R 2 x(t- h(t )) < 0 


S:(5.3.8)nrw^* 



x T {t-d(tj) 


x T (t-h(t))\w 


x(t) 

x{t-d(t)) 

x(t-h(t)) 


<0 


(5.3.8) 


(5.3.9) 



~A t P + PA + K T B 7 P + PBK + R { +R 2 +£l 

PA 

PB X K 


w = 

A t p 

-Q~Pd) R \ 

0 

(5.3.10) 


K t B 7 P 

0 

1 

(N 

1 

1 



&5t(5.3.4)m*fcf ^<0, BPj£(5.3.9)J&£, 
m, Efe(5.3.4)^ 

S, PA PB X K PB 2 ’ 

A?P -(\-p d y X R, 0 0 

K t B?P o -(i -PhY 1r 2 o 

B 2 P 0 0 -y 2 I_ 

[c t +k y d j ] 


C, T 

k t dJ 

B] 


['C + DK C, D X K 5 3 ]<0 


(5.3.11) 


Hitt,, w(o^r 




m 5 n 
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x(t) 

T 


PA 

x{t-d{t)) 


AfP 

-a -p d y 1 ^ 

x(t - h(t )) 


k t b?p 

0 

MO 


b 2 p 

0 


PB X K PB 2 

0 0 

-(1 -p h y'R 2 0 
0 -y 2 I 


x(t) 

x(t-d{t )) 

x{t-m) 

Mt) 


x(t) 

T 

'C J +K J D J ~ 


x(t) 


x{t - d{t )) 


C, T 

\C + DK Ci DK 5,1 

x{t-d(t )) 

<0 

x{t-h(t )) 


K J D X 

L 1 1 5 

x(t -hit)) 


Mt) 


Bj 


MO 



(5.3.12) 

V (x(t),w(t),t^ + z 1 (t)z(t)-y 2 M (?)w(?)<0, t> 0 (5.3.13) 

W, MUM W(t ) e £ 2 [ 0 , + oo) , ^ *(/) e £ 2 [ 0 , + ao) , 
R lira x(t) = 0 o *f(5.3.13)M;&fR^h T V(x(t),w(t),t) = 0 , 

r—»oo 

IHM.V (x(+co), vv(+co), +ao) > 0 , 

J o (z T ( 0 z( 0 -r 2 w T ( 0 vK 0 )d/ 

< Jo (z T ( 0 z( 0 -r 2 w T ( 0 >K 0 )d? 

+ V (x(+oo), w(+co), +00) + V (x(0), w(0), 0) 

= J (v (x(t),w(t),t) + z T (t)z(t)-y 2 w T (?)w(0)d? < 0 (5.3.14) 

BP5t(5.3.5)?i^o ffi^o 

5.3.2 




\AA 

A^, 

A B 

A £, 

AB 2 


■^r 

< 

J 

AC, 

AD 

AD, 

A£3 


#2. 


F(t)[E x E 2 £3 £ 4 £ 5 ] (5.3.15) 
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H u Hu Eu E 2 , Eu Eu E s tUM 

B&T , F(t) e R ,XJ HLegesgue RT#jTC6tl7^^tI^|^® 

m, 


F T (t)F(t)<I (5.3.16) 

fcm 5.3.2 fl^(5.3.1), (5.3.15)^## H x -y TOj£MMf.a{5tiif#£$e|S$ 

Y e R m ' xn , X, Q, Q 2 e R mn a > 0, fi > 0 WFiSSUS: 


5 

A x X 

B X Y 

b 2 

Q 

Z£, t + y T £ 3 T 

X 


xa, t 

-a-pja 

0 

0 

ZC, T 

xe] 

0 


y t bJ 

0 

-a-/>„)& 

0 

y T D, T 

y t eJ 

0 


B T 2 

0 

0 

-y 2 I 

B] 

E] 

0 

<0 

CX + DY 

+ccH 2 H x t 

C x X 

D \ Y 

B 3 

-l + aH 2 H 2 

0 

0 


e } x + e 3 y 

e 2 x 

E a Y 

Es 

0 

-al 

0 


X 

0 

0 

0 

0 

0 

-/?/ 








(5.3.17) 




S = XA r + AX + Y t B t +BY + Q 1 +Q 2 +aH l H l J 
n = XC T + Y T D T + aH^Hj 


u(t)=YX~ l x(t) (5.3.18) 


37—## H x -y ^gftfj^o 

ft.® &£lE#:»r>0, *£j5C 5.3.1, M(5.3.1), (5.3.15)^##/^ - y 

®mffM^(5.3.16)W^^'t4F(0 , sue. 



m 5 m 
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w = 


Si 

PA X 

PBK 

pb 2 

c 1 + k t d 

A?P 

-Q-p d )Ri 

0 

0 

C, T 

K J B X R 

0 


0 

K J D X 

B 2 P 

0 

0 

-r 2 i 

B 3 T 

C + DK 

A 

D X K 


-/ 


<0 




■ A T P+PA + K 1 B 1 P + PBK+R X +R 2 +el 




fW4 = g l Lg + £'Al4<0 




S, 

PA X 

PB X K 

pb 2 

c t + k t d 

£p 

-(X-p d )R1 

0 

0 

C, T 

k t b x r 

0 

-d-^)^ 2 

0 

K r D x 

b\p 

0 

0 

~y 2 I 

b 3 t 

C + DK 

C, 

D X K 

b 3 

-/ 


A'fiMsEiM 


AL = 


PH X 

0 

0 

0 

H, 


F{t)[E x +E 3 K E 2 E 4 K E s 0] 


F(t) = 


[PH X 0 0 0 H 2 \tf T [E x +E 3 K E 2 E 4 K E 5 0] 
| [PH X 0 0 0 H 2 ]£\^ t [E x +E 2 K e 2 E 4 K e 5 


(5.3.19) 


(5.3.20) 


(5.3.21) 


(5.3.22) 


(5.3.23) 


?W£ = + 2 < 0 


(5.3.24) 
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*1 = 


PH X H?P 0 0 0 PH,H 2 
0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 


H 2 H x t P 0 0 0 H 2 H 2 t 


(5.3.25) 


L 2 =[£,+ E 3 K E 2 E a K E s 0] T [£j + E 3 K E 2 E 4 K E 5 0] (5.3.26) 

MML<0, S.(| t I|) 2 -4^ t L 1 ^ t I 2 ^>0o 4.2.2, 

L + aL i +-L 2 <0 (5.3.27) 


31 M 4.2.3, X^iM#ia>0, 5^(5.3.28)^*: 

£ t AL£< a£ T L,£ + -£ T L 2 £ (5.3.28) 


!PS:(5.3.27)^f^#(5.3.19)-tfeJi^^Wo &Schur3IS, 5£(5.3.27)WrT 


A PA, 

B X K 

b 2 p 

E 

£ 7 + K' E\ 

X 


A\ P -(1 -PM 

0 

0 

c, T 

Ej 

0 


k'bI 0 

’(l ~ Ph )02 

0 

a: 7 /?, 7 

K J Ej 

0 


pb\ o 

0 

- r 2 / 

Bj 

El 

0 


C + DK 






<0 

T C \ 

D X K 

* 3 

-I + aH 2 H\ 

0 

0 


+aH 2 H, P 







E,+E 3 Y e 2 

E 4 K 

^5 

0 

-al 

0 


1- 

o 

0 

0 

0 

0 

-1/ 
£ _ 







(5.3.29) 

£+, S = C T +K T D T +aPH,Hj o 






^ia mf$x=F- 1 , a 

§f 

ll 

Q 2 =XR 2 X, fi - e~ x 

,#i EA>HT 



a ft & # 

i£(5.3.29)£j& IhI W- W 




% 5 m 


■ 125 • 


X 0 0 0 0 0 0 

0 X 0 0 0 0 0 

0 0 X 0 0 0 0 

0 0 0 / 0 0 0 

0 0 0 0 / 0 0 

0 0 0 0 0 /0 

0 0 0 0 0 0 / 

JJ!iJt(:(5.3.29)^T^(5.3.17)o &o 

;± 5.3.1 WTMdi MM ['”1 H x m&fe 


fc/J'tti 


X>0, Q x >0, Q 2 >0, a>0, p >0fP5i:(5.3.17) 
a 5.3.2 ±j£## H x - y H„ ‘fel&feUM.iX 



i(/) = 


—1 + 0.5/j (/) 
3 

5 + r 4 (7) 

3 


1 


*( 0 - 


u(t) + 


-1 -1 
0.5r 3 <7) 0.4r 3 (?) 

0.5 + r 5 (?) 


w (?-/?(?)) + 


0-3 + r 5 (t) 


x(t-d(t)) 
w(t) 


2 + 0.6 r 2 (?) 

0.2 

0.3 + 0.5r 5 (?) 
z(t) = [1 + 0.25r 6 (?) 1 + 0.24r 6 (?)]*(?) 

+ [0.3 + 0.25r 6 (?) 0.5 + 0.2r 6 (?)]*(? - d(t)) + (0.5 + 0.5r 7 (?))«(?) 
+ (0.5 + 0.2r 7 (t))u(t - h(t)) + (0.5 + 0.9r s (/)) w(t) 


r x (?) = r 2 (?) = r 3 (?) = r 4 (?) = r 5 (?) = r 6 (?) = r 7 (?) = r 8 (?) = sin(?) 
d{t) = 0.3 + 0.3 sin(?), h{t) = 0.2 + 0.2 cos(?) 

5.3.2, Mlffi±^^^'14^*mWM(5.3.15) 


"1 0" 


0.5 


'0.5 

0 ' 


'0.5 

0.4' 

, Hj = 

, E, = 



, e 2 = 

_ 0 

0 

.0 1_ 

> l 

0.4 

7 1 

0 

0.6_ 
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e 3 = 


-11 

, e 4 = 

" 0 ' 

, Er = 

’ll 

, F(t) = 

sin(7) 

0 

_0J 


0.5_ 




0 

sin (/) 




sin(l) 0 
0 sin(?) 




tfiiKi 5.3.2 RM&tfcTi£&gL&WH ca 

^r = 3, ^HeM^#^(5.3.17), nT# 


2.5898 -1.3710 

-1.3710 1.0166 


7 = [-2.5740 -0.6124] 




u(t ) = Kx(t) = YX-'x(t) = [-4.5890 -6.791l]x(/) 


^ r = 2, t»l®«^f^(5.3.17), W 


2.5554 -1.4970 

-1.4970 1.1490 


7 = [-2.2727 -0.5842] 


u(t) = Kx(t) = YX~ l x(t) = [-5.0132 -7.0396] x(t) 

il&jfcfcPife 5.3.1 
y* =1.52 


1.4988 -1.0728 

-1.0728 0.8445 


7 = [-1.4841 -0.5979] 


u(t) = Kx(t) = Br’jcCO = [-16.4950 -21.6620]jc(/) 


5.3.3 




% 5 m zmMmmwmi 
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^jZ^Z-, 
r h 


IX = !,«,- >0 , M= 


ii=l 


I4=i 


IX =X >0 |’ ^xxx 


U =1 


i 4=1 

kf. 


ZX 1 ’^ 0 , AC,= ZX 


AD = X>A 


[4=1 

f *8 


AS 2=jZ®4 M 4 


aa=(I><A 

4-1 J [ 4 -I 

k 9 1 f ^9 

z%=i,^>o , 


IX=X> 0 J 
IX =1.74 >oj 

Z £ 4 = 1’ £ 4 >0 j ( 5 - 3 - 3 °) 

*8 1 
I>4 = 1,cr 4 >0 


4-1 

k Q 


-1 


I 4~i 


Z r < 4 = K >0 


4=1 


K :n K £,8 f,8 g„ //,, /,, jf, m. f[Wa^£§P$, a, 8 A . x,. 

// ; , . F . /:, . //, s cr, N ft), ^ r, jii- F Fi I IT'j i [ '/r-';i, : f'Ii i|[ XifX 

F'il7E#tS(«, - A' r, ' 7;- A , , £-, , //, . cr , ft -), . 

m , mim, Mtm$L 


M(t) = \f j a h (t)E ii 


£a,.(0 = l,^(0>° 


mil 5.3.3 |^(5.3.1). (5.3.30);I:##tf M -r 
Y e R m ' xn , X, Q x , Q 2 g R nxn ftl^S /? > 0 ffi#T5$i»JE.: 


s 

A,X 

B,Y 

b 2 

XC T + y t d t 

X 


XAj 7 

-(1 -pM 

0 

0 

XC] T 

0 


y t b x t 

0 

- (l - Ph)Ql 

0 

r T A T 

0 

<0 (5.3.31) 

~Bl 

0 

0 

-r 2 i 

Bj 

0 


CX + DY 

c x x 

DJ 

L 

-1 

0 


X 

0 

0 

0 

0 

-PL 





S = XA J + AX + Y t B t + BY + Q x +Q 2 
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K 

A = (A + E k ), A^A + F^), B = (B + G h ), B x = (b x + H u ), B 2 =(b 2 + M 4 ) 

C = (C + I.), C x =(c x+ J ib ), D = (D + K h ), A=(A+^).5 3 =(b } +^ 0 ) 
(i i ,i 2 A3,h,h,i 6 ,h,h,i9’ho)£{l,---,A}x{h---,k 2 }x{^---,k ? ,}x{l---,k4} 

x {!,-■ -,* 5 } x --,A: 6 } x {1,--A: 7 } x {l,---,A: 8 } x {l,--* 9 } x {1,---,/c 10 } 


u{t) - YX~A(t) (5.3.32) 


A}-wmmH x - r ^mm 0 mwxtmmfcm 4.4.1 mm, 

Lyapunov Pi) 'fl '\' 1 'AxK I'' ^ *‘r Aft‘Ji [ 'ift-" 



M'bity 2 


&%: X > 0, Q x > 0, Q 2 > 0, P > 0 , &j£( 5.3.31) 
^lj 5.3.2 ffifcl 5.3.1 


E x =-E 2 = 


0.5 0 

0 0.6 


F x =-F 2 = 


0.5 0 

0 0.4 


G i = ~ G 2 


1 

0 


" 0 " 


0.25" 


"0.25" 


T 

, L = = 


• J 1 — t/ '-y — 


, M x = -M 2 = 


0.5_ 

’1 Z 

0.24 

7 1 z 

0.20 


l 


TV, = -N 2 = 0.9, K x = -K 2 = 0.5, A=~ L 2= °- 2 


a x (7) = /?, (7) = /j (7) = 77! (1) = <5, (7) = e x (7) 

= F \ (0 = c, (0 = (0 = ®, (0 = 1 


a 2 (0 = A (0 = r 2 (0 = ^2 (0 = 5 2 (0 = £ i (0 

= // 2 (7) = cr 2 (7) = r 2 (7) = <y 2 (7) = 1 


EfeTit ft 





5 m 
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w a &mwxm 

5.3.3 

&#<> mn, 

'A^mum'pwn^, MM/hrr^mo mn, * 

m^mmu, imw^%ni w 

p$*# 5S, i+j»«*, t 

«, = A = r, = n, = S t = e, = Hi = cr ; = r ( . = ©,, i = 1,2 

ffiJlintflTlI^ti^## 

^r = 3, ^MHM^#^(5.3.31), ol# 


6.2928 -2.6462 

-2.6462 2.5100 


F = [-1.9057 -0.9048] 


u{t) = Ajc(0 = YX~\{t) = [-3.1181 -3.6717]x(0 

^r = 2 , ^MttWWS;(5.3.3i), ## 


6.2928 -4.6220 

-4.6220 3.9234 


F = [-3.2986 -0.2682] 


«(/) = Kx(/) = YX~ l x(t ) = [-4.2639 -5.0936]x(/) 
5.3.2 

/ =1.48 SffiJSW 


1.5603 -1.2581 

-1.2581 1.0195 


Y = [-1.2609 


0.6222] 


u(t) = Kx(t ) = YX~'x(t ) = [-259.6943 -321.0877]x(l) 
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ae 0 *t ^ ^ iiii^ 


-yMst f =1-48 'g9&/b 
H. r -y^My* =1.52 , MmfJr'^, & 


5.4 


m^m^Bmmms.2.iH5.2.5), ^mtmrm~\'K.mmtm*-. 

J = j ^x T (/)^,x(/) + u 1 (t)R 2 u(t)^dt (5.4.1) 

^ r, > o m r 2 > o 

•msc 5 . 4.1 v m&mw&nrtiimm&(5.2.5)m^m^ 

wl, 

J = J^x 7 (/)^x(?) + w T (t)R 2 u(t)jdt <V (5.4.2) 

WWtv MUs&'fc, u(t) ^;^j^^®r|jiJ#o 

f 5fcMM Razumikhin £Sf£-TfS, MfMtfi .+, fflJf j&^fK) 

fiSc^StSio 

£11 5.4.1 Sfftitftj RFDE(MM^tS), M#£— 

E(x(0), F(0) = 0 , VJ.R—P(s ) > 0, i > 0 

(1) F(x(/))>0 

(2) V{x(t)) -> oo ^ ||x|| -> oo ; 

(3) MttttMM0e[-T, 0] , m& V(x(t + d))<p(V(x(t)))$m 

x T (t)R lX (t) + u 1 ( t)R 2 u(t ) + E(x(0,0 < -co ||x(0f 

^4' > © > o o 

m&, , fwo)) 

x(0) = <*K0) e R " Ji^gE ; «(0 JS—'h&J&fc&fWo 

iEB^ *&#(3), K(x(? + 9)) < p{V{x{t))) MUM 9 e [-r,0] , 


F (x(t)) < -co ||x(0|| 2 - x T (/)i?jx(?) - u T ( t)R 2 u(t ) 

<-©||x(0|| 2 


(5.4.3) 
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(2). & Razumikhin xe3, 

Xt(5.4.3)&0 SI <»$*#, oH# 

f°°r(x(0)dt = V(x(co))-V(x(0)) 

Jo 

1*00 - . /• oc 

< -Jo (x t (OR 1 x(O + m t (OR 2 w (O)^-J 0 ®||x(0||‘ 

< —J" ^x T (/)i? 1 x(?) + w T (?)R 2 w (0) < l? 

^x(oo)^0, HittfclfMI# 

J (x T (f)R x x(/) + U T (t)R 2 «(/))df ** R(x(0)) 


d/ 


(5.4.4) 


(5.4.5) 


^ ±^#i§3:ie'f£>f£ & sm-§§ m m , a- 

* £ Hi WWi /J'-fkit J5CT S o 

^II 5.4.2 #W^lStltt0W#^(5.2.1), &5£^*riiJE(5.2.2), M 
#£5ft#iES$eP$ X, Pi ^ Pi WMfet: a , > 0, a 2 > 0, /?, > 0, fi 2 > 0, e x > 0 , ?i 




x -r x 


o -r 7 


m x o 
mJ o 




o 

o 

xa t 


M x M 2 
0 0 
0 0 
-X, 0 

0 -n 7 


<0 


(5.4.6a) 


AX P x -P X H X H[ 


E x X 


0 


XE 


A 


>0 


(5.4.6b) 


X XA x XEj 

A x X P 2 - P 2 h 2 hI 0 
E 2 X 0 p 2 


>0 


(5.4.6c) 
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S = AX + XA T +A x X + XA x + + ts x H 2 H 2 + rA x (P x + P 2 )4 T + 2rX 

z=l 

M, = ZP 2 T ], N x = diag{a,/, a 2 /} 

M 2 =tA x (P x +P 2 )E 2 t , 7V 2 =r[£/-£ 2 (^ +P 2 )£ 2 t ] 

SP 15:® $i!j 

h( 0 = ErVO (5.4.7) 

x(0) = <*(0) e R" , &MW u(t ) = MT^f) Ji— 

vEW iE 

A(t) = A + AA, A x (?) = A X +AA X , B{t) = B + AB, A(t) = A(t) + B(t)K 

40 = [40 +4 (O] 40 

-f° A x (t)\A(t + d)x{t + G) + A x {t + d)x(t-d(t) + d)\dd (5.4.8) 

x(0 = 40, te[- 2 r, 0 ] 

t-M*. M(0 = &W^ y E^^W^f'J#, WJIW1# 

(HJ Lyapunov ill®: 

K(x(0) = x t (0Px(0 (5.4.9) 

JiI'J4 

V(x(t), t) = X T (0 ( p(/) + 4 (0] T p + ^ [40 + 4 (0]j 40 + 440,0 (5-4.10) 

L(x(0,0 = -2x T (OP J ° 4 (0 [4? + <9)4? + <?) + 4 (? + 0)4? - 40 + (9)] d P 




ns*: 
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#iE^£g(s$ p ,, p 2 muM £, > o m& 


£•,/ -E 2 (P l + P 2 )E 2 >0, \/t> 0 

(5.4.11) 

mmmm a > oc*= 1 , 2 ) : 

A J (P x - p x H x H~f )“’ A + A 1 (A + E 3 K) j (A + E 3 K) < P 

(5.4.12) 

A? ( P 2 - P 2 H 2 H] ) 1 A, + p:ElE 2 < P 

(5.4.13) 


P-PH.HJ >0 

(5.4.14) 

p 2 -p 2 H 2 H T 2 >0 

(5.4.15) 


!0lMffl3l3 4.3.1, 3134.3.2, 3134.3.3^3134.3.4, MM 

V(x(t), t)<(A + A ] +BK) r P + P(A + A l +BK) + a l PH l H?P + a 2 PH 2 H 2 T P 

+ —(E l +E } K) T (E l +E 3 K) +—E 2 E 2 
cc x oc 2 

+ rx T (OPA^OP.Al (t)Px(t) + f° x T (f + 0)Px(t + 0)d0 (5.4.16) 

J -d(l) 

+ rx T (t)PA, (t)P 2 4 T (t)Px(t) 

+ f° x T (t-d(t) + 0)Px(t-d(t) + 0) d0 

J -d{t) 

V(z{s),s)<qV(z{t),t), t-2r<s<t (5.4.17) 

^^(5.4.16)fH5i:(5.4.17), MlM# 

x T (t)R t x(t) + u T (t)R 2 u(t ) + V(x(t),t) < x T (t)W 2 x(t) 

W 2 = (A + A x + BK) J P + P(A + A X + BK) + a x PH x H x P + a 2 PH 2 H 2 P 
+ ^-(E l +E i K) T (E x +E 3 K) + —EjE 2 +2qTP + R l +K T R 2 K 

«i a 2 


(5.4.18) 
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+ rP\_A x {P x + P 2 )A ! T + s x H 2 H] ]p 

+ tPA x {P { +P 2 )EJ[e ] I-E 2 (P 1 +P 2 )E t 2 J 1 E 2 (P x +P 2 )A?P 

3IA %MX = p- ] , K = YX~\ W 3 =XW 2 X , fr$W = W 3 , rloli, fV 3 *f 

p„ p 2 nu 

ft a, >0, a 2 > 0, /?, >0, p 2 >0, £ 2 >0, ?iftX^(5.4.11)~(5.4.15)W.£.l£<0 , 

m y hft^/h 6 ^>i ®#^3 <o , &BP 

x 1 (t)R i x(t) + u 1 (t)R 2 u(t) + V(x(t),t) < -®||x (/)|| 2 (5.4.19) 

co = A max (fV 2 )> 0 , 
da Sit 5.4.i, 

A, u(t) = wr'AO ft— 

Efe Schur ^IS, ^<0 W&^j£(5AllM5A15)#W^tt®l$*^ 
(5.4. 6)o 

'(£^gij(5.4.5)^^ttitoJft^±lfffi^^to$ni&3M ! l : AO) in^^gEtoUJ 

£{x T (0)x(0)} = l to—'MStfllM, il^Eto 

J = £{J} < E {* T (0)Z _ 1 x(0)j = tr(X _i ) (5.4.20) 


5.4.2 ^ft7i&tf— W&&&UJM&MWM1J&0 
MM 5.4.3 ^#3jcMto^^S^e$<JM##»x T (0)X- ] x(0)ffltr(X- , )S/h 

m lmi 

sa 5.4.3 *^ttWX^5£(5.4.6)i^T, §/J^x T (0)X-‘x(0)^X« 
to$(5A6)Wft(5A21)Tft/.Mfcr 


—r 

x o 


■*0 

-X 


<0 


(5.4.21) 


iiEM fgilx T (0)x -1 x(0)ftmr—|5j@to(fc'tt:^^, M f ft&to^(SA6)fa 
(5.4.22)T#/J^ r 


jc t (0)X _1 x(0) < r 


( 5 . 4 . 22 ) 
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$nHx T (0)X *x(0) < r , ^tfei£li£0 <£< r-i T (/)X '*(/) 

r'=r-e<r, W Jf M r‘ f|5?»j£(5.4.6)W&(5.4.22), 

Ic HlifcM x T (0)i-’x(0) = r , BP^(5.4.6)^STft/J'fk 

x t (0)2T‘x(0) ^iftT&&M(5A.6)UXR(5A.22)TM/bik r c 

* Schur ?| a , ^^( 5 . 4 . 22 )^« M ^^( 5 . 4 . 21) 0 ffi ^ 0 

5.4.2, ilj&jfc&|51® 5.4.1 oIP^#IIJ*/M4:#«x T (0)2r 1 x(0)W 

ftftgiMo 

|°]jg[ 5.4.1 


M'l'itr 

gjjfc: x> 0 , /> > 0 , P 2 >0 

a t >0, a 2 > 0, /?, >0, P 2 > 0, £\ > 0 2&.xt(5.4.6) 
uH = 

£1 5.4.4 ft^jfc(5A6)Tl:/hfttr(A'- 1 )#ffrT£^j|C(5A6)ft(5.4.23)® 
/Jvffctr(S) 

~ 5 7 <0 (5.4.23) 

_ / -X 

iiERB ^®tr(A“ 1 )Ji^^(5A6)Tl:/h'H:tr(Jr , )M^, tr(S) 

(5.4.23)W^^^^(5.4.24)Tll/J'ft; tr(S) 

X~ l < 5 (5.4.24) 

#n^tr(X _1 )<tr( 1 S') , JiIlJS(5.4.24)#)S^ y M^4f ?i^.0<£<A min (5-X _1 )_@. 
(£#tr(S'*)<tr (S-sI) , X ffi S" ^4^(5.4.6)fH5£(5.4.24) 0 Sffitr(S) 
(5.4.6)P^MP$2[;#^(5.4.24)T*/hfttr(5) , HitfcM tr(5*) = tr(S), 

BP*^m(5.4.6)T*/J^ tr(X-‘) (5.4.6)*H(5.4.24)T*/Jvffc tr(S) 0 

iSchur^lS, ^#^(5.4.24)^#^M^^(5.4.23 )o « 0 

s^a 5.4.3, jia^ra® 5.4.2 ^vmmmMkU)&*K(x- l )&}mim. 

Mo 

i°is 5 . 4.2 


'M^tr(S) 
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&}M: x>q, p x >o, p 2 >o 

a , >0, a 2 > 0, P x >0, p 2 > 0, e x > 0 .$.5^(5.4.24) 

m 5.4.i w$l ■. 

, T = 2 



'0 1 _ 


' 0 

0' 


2 

A = 

1 -2 

. 4 = 

0.1 

0.1 

, B = 

3 


H x =H 2 =H 3 = 


0.2 

0.1 


R , 


1 0 
0 1 


, E x =E 2 =[ 0.1 O.l], £3=1 
, R 2 = 1, </>(t) = [2 2] T 


|'5]® 5.4.1 tflMinT: 


2.9948 -1.4487 

-1.4487 3.7485 


Y = [-1.8661 -0.8167] 


x T (0)X“ 1 x(0)W*/jN'Ct^ 4.2269 , 

u(t) = YX~ x x(t ) = [-0.6368 -0.0282] *(/) 


|5J® 5.4.2 M$?£PT: 


3.3180 -2.0595 

-2.0595 4.6182 


Y = [-2.0686 1.1032] 


tr(jr') ftjS/M&Ji 0.7168 , 

u(t) = YX~ x x{t) = [-0.6571 -0.0542] x(t) 


5.5 


4.6 17, 
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x(k + 1) = (A + A A(k))x{k) + (A d + A A d )x(k -h) + (B + A B)u(k) 

x(t) = <ft(k), -h<k< 0 (5.5.1) 

^4>, x(*)e*"3rtfe&$*, h> OMWS, ,4, 

5 A A d . AB^$gSJ(, 

tt, #^£1 

[A4 AS] = £ 1 F 1 (it)[/f 1 tf 3 ], AA d = E 2 F 2 (k)H 2 (5.5.2) 

Hj(i = 1,2, j = 1,2,3) 

Fi t (t)F i (t)<I, i=l,2 (5.5.3) 

*fT^gt(5.5.1), 

00 

J = Y J x T (k)Qx(k) + u T (k)Ru(k) (5.5.4) 

k=0 


ScfnW7feW^£w(A:) = 0 Wfjf^o 

S15.5.1 M#£*fffaE;e)£P$ P,, S,, S 2 , £BP$P 2 , /V 0^ 1F 3 

M,, M 2 l)i#Ia 1 >0, a 2 > 0 : 



^2 ^ 

A d -M x 

P?E X 

P J F 
r 2 ^2 



* 

£2 22 P 2 * 

A d - M 2 

PjE 2 

P T F 

r 3 *-'2 



* 

* ~^2 2 ^2 

0 

0 

<0 

(5.5.5a) 

* 

* 

* 

-a x I 

0 



* 

* 

* 

* 

-a 2 1 





" w x w 2 

m; 






Wj W 3 

m 2 

>0 


(5.5.5b) 


T 

M x Mj 

s, . 

- _T 




= P 2 (A — /) + (^4^ — Z)/^ + + A/j + Af^ + (X X H^ H x + S 2 + Q 


D X1 = /> -/> T + (^ 4 t -/)/> + /?r 2 + Mj 
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'P flft aE (H) rfrj 3H£ 


/2, 2 = -P 3 - P 3 T + Py + hw 3 + hS l 

%i%(5.5.\ )£##f££W, 

& 

J<J 0 =x r (0)P l x(0)+f j x T (P)S 2 x(6>) + £ X 

0--h 0=-k+\s=-\+0 

^ 4 *, y(0) = x(0 + \)-x{9) o 

vEW fcSL 

x(k + 1) = x(k) + y(k) (5.5.6) 

iE 

A(k) — A + AA(k), A d ( k ) = A d + AA d (k) 

jjuj^r 

x(k +1) = A(k)x(k) + A d (k)x(k - d) 

= {A{k) + A d {k))x{k)-A d {k) X (x(0 + l)-x(0)) 

0=k~h 

= (A(k) + A d (k))x(k)-A d (k) £ X#) ( 5 - 5 - 7 ) 

0=k-h 

0 = (A(k) + A d (k)-I)x(k)-y(k)-A d (k) § y(0) (5.5.8) 

0-k-h 

M^,^^t(5.5.1)# / (f(^ : ^-#^^c.(5.5.6)f(l(5.5.8)oS;fnin^^nTfr5 Lyapunov 

V(x(k)) = x J (k)P x x(k) + £ x T (0)V(£)+ Z Z /(XV(X (5.5.9) 

0=k-h 0=-h+\s=k-}+0 

Mv(x(k))tfimftMfr% 

&V(x{k)) = 2 x 1 (k)P x y(k) + x T (k)S 2 x(k) + y T (k)(P x + hS x )y(k) 

k-\ 

-x T (k-h)S 2 x(k-h)~ £ y T (9)S x y(9) (5.5.10) 

0~k-h 

#JtSI(5.5.8), 4T 
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2x l (k)P x y{k) = 2 tj t (k)P T 
= 2r/ J (k)P T 


yik) 

0 


y(k) 


(A(k) + A d ( k ) - I)x(k) - y(k) 


k -1 

- z 

e=k-h 


A d (k) 


y{d) j 

(5.5.11) 


if (k) = [x T (k) v T (A:)], P = 

4.6.1, $c 

-2 § //W 

e^k-h 

= hjj T (k)WTj(k) + 2rj T (k) 


P x 0 
L^2 ^3 J 


0 

k -1 

rj{k) 

T 

1 

"a 

H 

0 

r»7(*) _ 

M k \ 

#)< z 

e=k~h 



* 5 

1 

U*)_ 


M-P T 


0 

L A d(k)jj 


\ k-\ 

(x(k)-x(k-h)) + ^ y T (0)S l y(0) 
e=k-h 


IT M~ 


M t 5, 

^^(5.5.10)~(5.5.12), 

AK(x(jfc)) < t] T (k)>PTj(k) + 2rf {k) 


>0 


(5.5.12) 


(5.5.13) 


f 

' 0 ' 

\ 

P T 

-M 

V 

A d _ 

) 


+ X 


x(k - h) 

{k-h){a 2 H J 2 H 2 -S 2 )x{k-h)-x 1 {k)Qx{k) (5-5.14) 




¥ / = P 1 


0 / 
^-/ -I 


0 A J -I 


P + hW + [M 0] 




a x H\H\ + S 2 +Q 0 

0 P x + hS x 


+Z *' p t 

i=i 


[0 Ej], 
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a, > 0, a 2 > 0 

&SC 


f{k) = [x T (k) y J (k) x T (k-h)] 


A = 


W 


M 


0 aAp-M 1 -S z + a 2 H 2 H 2 




A V{x{k)) < <f (k)A£(k) - x T (k)Qx(k) 


A-m § p $ w. m% 


W = 


w, w 2 
W 2 J w 3 


, M = 


M, 

M, 


(5.5.15) 


(5.5.16) 


(5.5.17) 


JUlJfil Schurlt'oT^l, it(5.5.5a)Wt-T4l<0, A(5.5.5b)I^F5£(5.5.13) ( HltC, 

AK(x(A:))<-A mm (e)||xW|| 2 (5.5.18) 

Mtt, Eb^(5.5.17)bT^ 

x J (k)Qx(k)<-AV(x(k)) (5.5.19) 

w^(5.5.i9)M^iK^ffi, n 

CCi 

Yx\k)Qx(k)<V(x( 0)) 

= x T (0)/]x(0)+ A{d)s 2 x{9)+ Yj Z /COVO) ( 5 - 5 - 20 ) 

6--h 0=~h+\s=-\+0 


O 

u(k) = Kx(k ) (5.5.21) 

lE®fjjlJ^(5.5.21)^APj^(5.5.1)#HJi!PTWW^^^: 
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x(k +1) = (A + BK + txA(k) + A B{k)K)x{k) + (A d + A A d ( k))x(t - h) 
x(k) = <j>(k), - h< k < 0 


(5.5.22) 


5.5.2 £/,. U 2 , &&W X . 

W 2 , W 3 , 3\ Z, KMfflkot >0, a 2 >0 , 


Q\ Qi 


o 


(\-eU d U 2 
* -[/, 


0 

0 

u 2 hJ 

-a 2 I 

* 

* 

* 

* 


X 

0 

0 

0 

-u 2 

* 

* 

* 


*^6 

0 

0 

0 

0 

-a x I 

* 

* 


z 1 

Y J 

0 

0 

0 

0 

-X 

* 


hZ T 
hY T 
0 
0 
0 
0 
0 

-hU x 

* 


X 

0 

0 

0 

0 

0 

0 

0 

-or 

* 


K l 

0 

0 

0 

0 

0 

0 

0 

0 

-R 


-1 


<0 


m* 


w, 


w. 


w 2 

m 


0 sU x A l d 


sA d U x 

u, 


>0 


£2 XX =Z + Z T +hW x 

&[ 2 =X(A t +sAj-I) + K t B t -Z t + Y + hW 2 


/^ 6 =XHj +K t H 3 


_ 2 _ 
n 21 = Y t Y + Y j a l E l E- +hW : 
1=1 




-1 


(5.5.23a) 

(5.5.23b) 


J<J 0 =x t (0)X- 1 40)+ Y j x t (0)U 2 'x(0)+ £ 2 /W'X*) 

0=-h 0=-/i+l s=-l+<9 
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y(0) = x(9 + l)-x(0)c 

ffiBB Msea 5.5.1, 

>o, « 2 >o 


p= 


I\ 0 

P 2 P 3 


fo»iE^p$Pi. Si, s 2 , mmw, m, 


w 


0 


- M 


[0 A]~\P-M J -S 2 +a 2 'HjH 2 


< 0 , 


W M 
M r S, 


> 0 (5.5.24) 


MY 


t r = p' 


o / 

A + BK-I -I 


0 a t +k t b t -i 


P + hW 


[M 0] + 


M 


+ (Zi 


H, + K l H 3 


S 2 +Q + K t RK 0 

0 P } + hS t 

[h x + h 3 k o]+£a,.p T 
1=1 


[0 £7} 


miy 


M = sP T 


0 


P' 1 = 


P{ { 0 

~Y' p iY [ p i l 


(5.5.25) 

(5.5.26) 




X = PT\ Y = pY, Z = -YP 2 X, K = KX 


w = P T WP~' = 


w l w 2 

Y 2 T w 3 


, s;' = u x , s 2 l = u 2 


«5TW#IlJ^(5.5.23)o 
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^ij 5 . 5.1 5.5.1), n* 


0.95 0.78 
0.76 0.87 


4 = 


0.12 0.09 
0.11 0.07 


B = 


0.5 

0.45 


' 0.1 

0.2" 

, e 7 = 

'0.11 

0.19" 

, 77,= 

"0.2 

0.17" 

0.09 

0.1_ 


. ai 

0.09 


0.15 

0.12 


'0.08 

0.05" 


1 

** I ^ 
1 

1_ 

, Q = 

' 0.1 

0.05" 


11 

ST 

e w 

0.05 

0.09 

0.6 

0.07 

_ 0 


^■ £ = o , [-1.8032 -1.7311]^), mt 

J 0 = 0.5703 o 


5.6 iS 
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# ^ -X ffi 
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mem 


6.1 31 m 

, &3m*krm 

^#^Mi>ISfPMPS^(Glattfelderetal.,1983)o *i±*W-S 

(Glattfelder et al.,1983; Krikelis et al.,1984;Chen et al.,1988b; Klai et al.,1994; 
Mahmoud,1995; Niu et al.,1998) 0 Glattfelder ^(1983) : §ff3^T“' y h ; ^'®fH$ltT^W 

siso ii&AMMCTfn P o P ov pi 

Krikeiis 

chen ^wsa) 

mm Bellman-Gronwall’s AAA^flJ f 

o Mahmoud (1995)iS—Chen ^(^Sa) 1 ! 3 
Klai 

Shen ^(1989)l0IJ#iiT^^#^liiA?fj50tW 

mm, Li U #(i995)fijM 

& P$»J & m ttfIMM A0^ if mM %i W## 

55^, 

&£|5]®?F#[|g£!J3£&(Chou et al.,1989; Niculescu et al.,1996) 0 Chou ^(1989)#A 

Niculescu ^f( 1996)^JM Razumikhin 

1#U7— 
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£itifc(@{6f&*u#tfT3£^3lC0if, ± 

m%mATmw?r&: -gifwiife, 

wft-m; 

%mm\ #mi 

x(t ) = (A + AA(t))x(t) + ( A , + A A ] ( t))x(t -d{) 

+ (B + AB(t))u(t) + (5, + Aflj {t))u{t - \) 

x{t Q +O) = <f>{0), 0 e [- max(<^!, ), 0] 

# K m e C([-r,0],7?") , C([-r,0],/?") t M if £ J5C * ||4 = SU P ||^)|| ’ 

0e[-r,O] 

x(()efi"MMl, 4>oM£«/sM, «(06*”*etll«lS, fh>o%n 

A, A u A A, AA U AB f0A£, 

A A = HF{t)E x , AA ] = HF(t)E 2 , A B = HF(t)E 3 , AB l =HF(t)E 4 (6.2.3) 

^cf 3 , //ffl £b £ 2 > £3. £4 F(t)sR' xj MeM:^ 

Legesgue F J (t)F(t) < / □ 

j*/ m(0 = Kx(t ), 

IK^IImax = m f X I U i ^1 = Vi > i = 1» 2,' •', m 

^cf 3 , //.•Jblli'HLyapunov StSf^J 


( 6 . 2 . 1 ) 


( 6 . 2 . 2 ) 


(6.2.4) 
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V(x ,) = x T (t)Px(t) +[' x T (9)S y x{9) 60 + f x T (i9)S 2 x(G)60 (6.2.5) 

4 1 x, = x{t + 9), , JL P, 5,, S 2 € R"*” ISO 1 

Lyapunov-Krasovskii A 51, 'Pf #P~F aE>C : 

^6.2.1 ^^(6.2.1)^##M^##nT®^W, iP:£#3E^lfc<?,r,v>0 

fP#^j£(6.2.4)«jgfW&, 
jc(0e/2(P,^)T?i^K(x ( )<-f||40| 2 , 

Q{P, y) = |x(0 e R" | x T (t)Px(t) < y~ l j, y > 0 
<P(v) = {* e C([-r, 0], 5") | ll^l 2 < v}, v > 0 

BUM 6.2.1 ^^(6.2.1)^^# <t>£®(v)m^^.M&\ t $x{t)eQ(P,y)! : & 

5, 5,, S 2 , ^jRs,j',v>0MSi 


£(,4(0,4(0,5(0,51(0) 


55+ 


A T (t)P + PA(t) + K J B' T (t)P 
+PB(t)K + 5, + S 2 + £/ 
4 T (05 

X t 5, t (05 


54(0 55,(0* 

-5, 0 

0 -S 2 


<0 


( 6 . 2 . 6 ) 


40 = ^ + M0> 4(0 = 4 +A^,(0 (6.2.7) 

B(t) = B + AB(t) , 5,(0 = 5,+A5,(0 


fiEW JftK(x,)?&^ (6.2.1)Xt&t(Hl^#, §If#50(6.2.6)o Wo 
iP^XtTffiSW r *flv , ?H6.2.UMiMxW, 

6.2.1, §M#50^PTW##fif l J^§^&: 

6.2.1 &SJ£#J : 8M@(I^J3C/'/, -i = 1,2 ,—,m , 

X, Vj, V 2 GR nxn , %P&Y&R mxn fPl5m £, 7, v > 0 2£ W,., i = l,2,-,mft#®TW- 
l&LMI J&&: 
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^ 1ft S ^ W # # S rfrj Slife 


M 

XA? 

E x X + E 3 Y 
X 




A x X B X Y XEj+Y J Ej 
-V x 0 XEl 

0 -V 2 Y r Ej 

E 2 X E 4 Y ~e x I 

0 0 0 

~W Y~ 

T >0 

J x . 

w t < yn] 


X 
0 
0 
0 

-e 2 I 

(6.2.8b) 

(6.2.8c) 


< 0 (6.2.8a) 


M = AX + XA J + BY + Y r B J + V X +V 2 + s x HH J 


W = diag{wp 


u{t) = YX~ l x(t) 1£M10E( 6.2.1)* x(t ) e Y2{P,y) fH </> e 0(v) 


^ (^) + 4 (X- 1 (JT 1 V 2 X ' 1 ) 


*31316.2.1, « 6.2.1 S x , S 2 , 

V,v>0tass«»ffrt£(6.2.6), #|g(6.2'.3), W 


£(40,4('),mA(0) 

= S(A,A l ,B,B x ) + E x F(t)E 2 + EjF J (t)E? < 0 

e x =[h t p o o] T , e 2 =[e x +e 3 k e 2 e 4 k ] 

*fffitl«]S£*0, ^^(6.2.10)WrT 


( 6 . 2 . 10 ) 


f E(A, A x ,B,B x )<f + 2^ r E x F(t)E 2 ^ <0 (6.2.11) 

TOlt^U^O, # 

2?E x F(f)E 2 Z < + ^ 2 T ^2 < 0 ( 6 - 2 - 12 ) 

jaijprwwpj 

E(A,A x ,B,B x ) + £ x E x Ef +e x 1 E t 2 E 2 <0 ( 6 . 2 . 13 ) 
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Schur *[#13, #3IA$£| %X = P r \ Y = KX , V^= XS x X , V 2 =XS 2 X%\ 
e~'=s 2 , W0##(6.2.13)^ffrT(6.2.8a) o #ftPJ 

a||x(/)|| 2 <F(x,)</?||x(/)|| c 2 (6.2.14) 


a = A min (X-‘) 

P = 4 ,ax(^V d,A max (x-'v,x-') + a^jt'^jt 1 ) 


S^F(x,)<-e||jc(0f <0, SM 

x T (t)Px(t)<V(x t )<V(x t0 ) (6.2.15) 

ffiffl(6.2.14), #ffij|£I0 x, 0 = x(t0 + 0) = <f>{&) e 0{v) #(6.2.9), alBP nTWftPJ 

V(x,o) < p ||x, 0 || c 2 = p \\mf c = Y~ l (6.2.16) 

^ ^ (6.2.15) ffi (6.2.16) , Jpf ffi G W 10 i& & ffi </> e <Z>(v) , ^ ^ & A H 

x(l) g D(P,y) BP x T (l)x(l) < IK^L = # > WO 

Mil (62 ' 17) 


^rar' 1 r T <^ , ]ltBPA;(6.2.8b), g+H^diagOv-w*} , #_i.Wr>0, (1=1, 2. 

m), 0(6.2.8) 0 

6 . 2 . 1 #*? 

-£«rtfctt;|5]®, ITIWSi&o 

Jtife 6 . 2.1 JSifrfclR!® 

min/ s.t. LMI(6.2.8) 


#MA;(6.2.9)##o 

$r*m, v ] mv 2 mm^m 

(t±tip-®LMi^, vmnw&toig# 0 

Jtifc 6.2.2 ^lADfW^Macr, <7„ <r 2 >0 , ffi# 

"o7 / 

/ Jf 


> 0, crj/ — V x >0, <j 2 I - V 2 > 0, it > rr,, <r > <r 2 


(6.2.18) 
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rnwrmtm 


min pa + (1 - p)y s.t. LMI(6.2.8),(6.2.18) 




V = 


a + d x a x a 2 + h x (j 1 a' 2 


[0,1] v* o 

m 6.2.i 


■() 1 ~ 


■ 0 

0.1" 


[ 1 ] 


"o.r 


'o' 

, A, = 


, B = 


, & = 


, H = 


1 -2 

? 1 1 

0.! 

°-i. 


_lj 

7 i 

_0.2_ 


_s 


E x = E 2 = [l 1], £ 3 =£ 4 = 1 , d x =0.8, /j, = 0.5 


/i, =15,^=0.5 o j^zhJaes 6.2.1, j& 


x = 


0.3995 

-0.2408 


-0.2408 

0.6159 


0.3770 

-0.1769 


-0.1769' 

, V 2 = 

' 0.4952 

-0.1184' 

0.9661 


-0.1184 

0.9458 _ 


Y = [-0.4829 -0.3214], w, =1.8231, ^ =1.8698, e 2 =1.4418, ^ = 0.0135 
= [-1.9929 -1.3010], aAv* = 5.3034 0 


6.3 

6 .2 n (f 1 «ij _® T ;,V; j! '5 :MMl it, 13M j®&$r ft i£f iJ£*i3tl?-c ^ 

‘JilUi . 
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/ 

x(/) = (A + A^(/)jc(7)) + ^(4- + A^. (*))*(* - ) 

/=1 

r 

+ (B + AB)u(t) + Y J ( B J + ABj(t)) u (t - h j) (6.3.1) 

j =i 

x{t 0 +ff) = <f>(9), 0e[-max.(d i ,h J ),O], 1 = 1,2,•••,/, ;' = 1,2,•••,;' (6.3.2) 

m( 1) = Sat(w(l)), Sat(«(?)) = [Sat(«j(/)) Sat(« 2 (l)) Sat(w m (?))] 


Sat(w ff (0) = 


Er> 

u„. 


Et(0<Et <° 

Er <Et(0<Et 

u a (t)>u a . >0 


(6.3.3) 


6.3.io 



ffl 6.3.1 

d\ , h) > o ffl r > o dj,hj 

0 <d t <d-<T, 0 <hj<hl<T (6.3.4) 

^^-^^(6.2.3)^^!^, 

AA = H ] F k {t)E ,, AA, = H 2i F k {t)E 2i 3 

AB = H 3 F k (t)E 2 , AS,. = // 4i F* (0^ 4 , 

^ F k (t)F k (t)< I,k e n*tL{l,2i,3Aj}, 1 = 1 ,•••,/, y = i,-,r, ^(0. 

mBj(t) W^JJCJ*l(6.2.7)c 

6.3.1 £gE(6.3.1)ffc2*/##TO£M, iramMf0liil(6.3.2)T#*^ 
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5116.3.1 *;ffirt«JB(6.3.4), P JJc , 

Tj k „ Q k , Z^ Z*, ^l|^rft]IE ; feaa^,£ (t ,A Jt ,^ 4 ,A:e/2,/=l,•••,/, y = l,---,r'ffi 
#th lmi «(o=2 ht-‘x(o 

w o 


AA J +£ l H l H] -Q ] 

e,a t 

AjAj + i: 2i I 1 2i H 2i ~ Qis 

E 2i A] 

~BB J +£ 3 H 3 H] -Q 3 
E 3 B r 


AE{ 

E X E] -£,/ 


<0 


A E J 

~ £ 2i 1 . 


<0 


be] 

e 3 e] - £ 3 I 


<0 


BjB] +£ 4l H 4i H],~Q. 


A jU 4 jiJ 4 j 

e 4j b] 


i4j 


BjElj 

E 4j E 4j - £ 4j I 


<0 


AQk^i + Pik^2i^2i Tjj 


AQkEl 


EjiQk^i E 2i Q k E 2i P tk I 


<0 


BjZ k B] + S jk H 4j H] r P hk 
E 4j Z k B] 


BjZkElj 


E^jE k E 4 j 


T s jk i 


<0 


(6.3.6a) 


(6.3.6b) 


(6.3.6c) 


(6.3.6d) 


(6.3.6e) 


(6.3.6f) 


x>z k 


(6.3.6g) 


z k >Qk 


(6.3.6h) 


Y t 



(6.3.6i) 
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s 

M\ 

m 2 

m 3 

Ml 

~N X 

0 

0 

Ml 

0 

-n 2 

0 

Ml 

0 

0 

-n 3 


<0 


(6.3.6j) 


5 = XA J + AX + Y, Xj *i + X A i X + BY + Y TbT + X B j Y + Yj YT b 1 

i 1 J J 

+ ^ H X H l + + Z«2^2,^ + Z«4;^4y< + ft + E&y 

* J J 

+ X d :( T ^ +2T 0 + X T l a. +2 X T .Aj) + X^ +2P JA + Z P jaj +2 X P JAJ^ 

i i j i i j 

M,=[XE, T XEl ••• XEl\, M 2 =\yeJ YEl ■•• YEl~\, M 3 = [> T Jf] 

N, =diag{a 1 /,a 2 /,---,a 2; /}, iV, = diag{« 3 /,a 41 /,---,Q: 4r /} 


=diag 


(r + 1) 


i 

X 

i=\ 


l + 2/Z<+2rZ^ 

y=i ; 


V 1 / 

/ (/+i) 


/ 
> 
V 


A-l 


OiX +r iX 

>1 ; 


vim «(o= 2Kx(t), k € ir™, jaijaw^gE nm^a 

*(0 = [-4(0 + B(0* WO + X A ! (0x(t - dt) 

1=1 

+ X B j( t ^Kx(t - h t ) + 5(0»7(0 + 'Z B A t Mt - k) (6-3.7) 

7=1 7=1 




7(0 = Sat(2Ajc(0)-&(0 


7 (/ - A y ) = Sat(2Ajc(/ - hj )) - Ajc(? - ), j = 1,2, ■• • ■, r 

jTj T (t)rj(t)<x T (t)K T Kx(t) 

(t - hj)rj(t -hj)< x T (t - hj)K J Kx(t - hj ) 


(6.3.8) 


H x(t) ^ dT®, M Leibniz-Newton , 5C(6.3.7)«IL-7^ t 7 ^/ 
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x(0 = 


m + B(t ) + X 4(0 + £ BjK x(t) + fi(07(0 

1 J 

+ Z B j('M‘- h j)-Zf d 4(o|[^ + 0 + s(? + 0^] 

+ ^^-(/ + 5 )x(z - d t + s) + + s)Kx(t - hj + s) 

i j 

+B{t + s)j]{t + s) + Z Bj (t + s)r/(t - hj + s) j ds 

~Yj\\ B y (0^|[^ + *) + 5(/ + 0^]^ + s) 

+ Z 4 (/ + s)x(t - 4 + 0 + Z B j ( f + ■ S )^ C ( / - h + ■S') + #4 + s)T](t + s) 

i j 

+ Yj B j 4+ *>74 - h j + ■ s )l ^ 


(6.3.9) 


3t*. x(O = 04), /e[-2r,0] o 

S^(6.3.1)nT14#^(6.3.9)W—(6.3.9)to^#PTl4£fBIE(6.3.1)lft|| 
/E'|4 0 Lyapunov BISC: 


V(x(t),t) = x T (()Px(t) + Y[ x T (s)R 1 jX(s)ds 

J J ~ h > 

+ z{ f d ^jlx T (d)R 2l x(e)dd+Y f d j r (0)R M x(8)de 

+Z/ r ° h+ x T (e) R Mj x(d)dd djl+zj/^ \j t+ x T {0)R,jxme 


^ f° x T (0)^ 6 yi x(0)d0+z r x T (^ 7 i/ x(0)d^ 


dZ (6.3.10) 


K4 1 , P. R\j^ Ry. R 3 U, Bmj ' /?sy> ^6,7. /?7i,{i=l. —, /. 7 = 1. 

5g$£P$c M^^(6.3.9)Wflii, ^ 
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V{x(t),t) = x\t)< 


A(t ) + B(t)K + Y J M t ) + 'Z, B i (0* 


+P 


A(t) + B(t)K + '£ j A i (t) + Y,B l W 


x(t) 


»4« 


f(x(t),t) = x l (t) 


+ f(x(t),t) + g(x(t),t) 


f ^ 

Zfy+Z^ /? 2, + Z /? 3„+Z^ 

J J V 1 J J 


(6.3.11) 


+ Z h J R 5 j + Z R (-j: + Z R VJ 


x(t) ~Y J x 1 (t- hj)R Xj x{t - hj) 


-I 


x T (t + s)R 2i x(t + s) + ^T i x(t-d j + s)R 2ij x(t - d x + s ) 


+Z X ^ ~ \ + X ) R 4i/ X ( t - h j + S ) 


ZZ 


-h, 


x T (t + s)R 5J x(t + s) 


+Z X 1 0 - d i + -O^jA 1 -d i +s) + Y J X T (t-h J +s) R 7 jjx{t - hj + s) 


ds 


g{x{t),t) = lx 1 {t)PB{t)t]{t) + 2 x\t)P 


^BjiWt-hj) 


-2x\t)P\ 


>-d 


MO 


v J J 

(A(t + s) + B(t + s)rj(t + 5 ) + Z M* + s)x(t - d t + s ) 


+Z Bj(t + s)Kx(t - hj +s) + B{t + s)tj(t + s) + Y J B J (t + s)rj{t - hj + s ) 

i J 

+ J]f Bj ( t)K A(t + s) + B(t + s)K)x(t + s) + Z A 0 + 5 )*( ? ~ d i + s ) 

j J ~ h J L 

+Z Bj {t + s)Kx(t - hj + s) + B(t + s)q(t + s) + Z Bj (t + s)n(t - h ; + s) 

j i 

4.3.1, 1M 


ds 


ds 


V(x(t),t ) < x T {t)W x x{t) + /(*(/), 0 + g(x(t),t) 


( 6 . 3 . 12 ) 
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W { = A 7 P + pa + J]aJ p + ]T PA, +K t B t P + PBK + K t Y j b] p 

1 i j 

+ Y J PB J K + P(a l H l H? + a 3 H 3 H 7 )P + ap E 7 E ] + a 3 K 7 E] E 3 K 

j 


r ^ 


+ p 

'Z a 2i H 2i Hl+? j a*jH*jHj j 

P + Y,^ E lE 2i + Y.^jK 1 E J 4j E 4j K 


l * J J 

i J 


fgi&TOt*a e k >0 Q k , k e O, i = 1,2, • • •,/, j = 1,2, • • •, r mm 



AA J + AEl(£ X I - E^Ej) 

1 e, 4 t +^,//,//, T <a 

(6.3.13) 


A, A, + A,E 2i (e 2i I — E 2i E 2i ) 

l E 2l Aj + s 2l H 2i Hl<Q 2l 

(6.3.14) 


bb t + be] (s 3 i- e 3 e] y 

1 e 3 b 7 + e 3 H 3 H 3 <q 3 

(6.3.15) 


BjB] + BjEJj {e 4j I - E 4 jEIj )' 

-'E 4j B] + s 4j h 4i hI<q 4] 

(6.3.16) 






e k I-E k Ej >0 

(6.3.17) 

4.3.2, % 




^(? + 5')^ T (/ + 5)<Q, 

Ai(t + s)Aj(t + s)< Q 2i 

(6.3.18) 


B(t)B 7 (t)<Q 3 , B(t + s)B 7 (t + s)<Q 3 

(6.3.19) 


Bj ( t)BJ < Q 4J , Bj (t + s)B 7 (t + s)< Q 4j 

(6.3.20) 

mum , p ik ,s jk > ow T lik , p jyk mm 


AjQ k Aj + A i Q k E T 2i (P ik I-E 2i Q k ElT l E 2i Q k Aj + P ik H 2i H 7 2i <T, k 

(6.3.21) 

B,Z k B] + BjZ k E T 4j (P jk I - E 4j Z k E 7 4j ) 

E 4 jZ k B T j + P Jk H 4 jHJj < P Jk 

(6.3.22) 






PR - E 2l Q k El > 0, 

p jk I-E 4j Z k E T 4j >0 

(6.3.23) 

PrR 





Z k >KQ k K J 

(6.3.24) 
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4 . 3 . 2 , 



MOQkAj (0 < T l k , Bj (t)KQ k K r Bj < P j]c 

(6.3.25) 

*fgW0,0&ffi513 4.3.1, l^!0t#li(6.3.18H6.3.2O)fq(6.3.24), #4* 



R lJ =K r K, R 2j = I + 2 K t K, R 3ji = I, R 4jJ =2K T K 

(6.3.26) 

m 

R 5j =I + 2 K t K, R 6j .=I, R 1m = 2K j K 

(6.3.27) 

V(x(t),t) < x T (t)[W x + PW 2 P + W 3 + K J K]x(t) 

(6.3.28) 




W 2 = 


Qt, + X Qaj + '/^ J d*T l \ 

j ‘ 

+z% ^e*;^ 

y j 


+2S< 7 ’« + Z<Z 7 ),2/ + E<E 7 :,4y 

/ i i i j 

+ z*;z^+z*;E f ;..; 

J i j J 


l 

W 3 =rK 1 K + {lY J d* 

1=1 


+ 4>;){(/ + l)/ + 2(r + l)rt} 

7=1 


sift, a] >o, a;>o, ^ a, 

3* ?iJ£(6.3.13M6.3.16), (6.3.21)~(6.3.22) , flO (6.3.28) J® £ , ifeiPXtftjtW 
0 < d t < <, 0 < hj < A) , iP^(6.3.6aH6.3.6f)J®tJrj0!l^gEflSjE.^JJC 6.3.1, ^ 

£ = -K^ W + pw 2 p+k t k + w 3 )>o 

a. ifr, 3IA X = p-\Y = KX, SgiASflfciE^EPfz* >offiW 


3P;HI 


X > Z k > Q k 


(6.3.29) 



(6.3.30) 


a^ffi(6.3.24)ij!cAL, Efelft#IIJ(6.3.6gM6.3.6i), *•)§& 

X(W l + PW 2 P + K T K + W 3 )X< 0 
MP$W»iP#(6.3.6j) 0 iiE^o 


(6.3.31) 
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fci6.3.i #m®fgfw-#w/=i, r=o, jM**nT, s.mmft%±i. 


j 

~-2 0 1 


" -1 2 ~ 


" 1 2' 

A = \ 


, 4 = 


, B = \ 


. 1 ~ 3 - 


-0.8 -1_ 


-1 4 _ 


"0.2 0 ' 

?>1 

II 

j 

II 

II 

"l 

0 " 

_ 1 0.2 


_0 

1 


fifflgl6.3.1, Xtffi&M </< 0.2841 , = 0.112B^f, # 

IWSMifaa* 


K = 


- 0.0212 

-0.0323 


0.0272 

-0.1060 


6.4 




x(t ) = ^4(l)x(l) + A 1 ( t)x(t -d(t)) + B(t)u\t) 

«'(/) = Sat(«(0), Sat(M(0) = [Sat(«,(0) Sat(« 2 (0) — Sat(w m (l))] 

x(t) = <f>{t), t e [-t, 0] (6.4.1) 

x(t)eR n , u(t) e R m %L ft fi fRftfrSgfW ft A ft M , 

u'(t)sR m ^X^(0 = U + a^(0), 

4(0 = (4 + A4(0) , 5(0 = (5 + A5(0) , A e 5” x ", 4 e R nxn , B e R nxm MM&1& 

i$ 0 m.w*A(t), A4(o, 

AA(t) = H 1 F 1 (QE 1 , AAj(t) = H 2 F 2 (t)E 2 , AB(t) = H 3 F 3 (t)E 3 , (6.4.2) 

K 4 5 , H^E^i= 1 , 2 , 3 F i (o,i=w%mnM£ 

Bt3E)®l^, Lebesgue bJllj ($, JeL^aS. F?{t)F t (t) < I,i = 1,2,3 0 d{t) 3k 

tt> O^jS. 

0 ^ d(t) < r < go (6.4.3) 

^(0«^7t?tW^^(^S@fC, tlf Banach £|hJ C"(-r,0] 
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^:[-r,0] v^R n , ML := SU P H^ll 

—T<T}<0 

6.4.1 1] ft 

^^6.4.1 £PHM(6.4.1)£w(/) = 0 

Pt^x(0 ^ 0 AA(t) rn AA x (t) Ai$ 

n(0 = 



£m — A## nTlfeg WA:M o i TffiM 

/I-Sin Hi o 

sa 6.4.1 AH^Htif^^(6.4.1)^##Bj^W, 

^ g, £g|5$ YM'SMSl a, >0(z = l,2,3,4), £>Ol£KTWitt®^f^: 


Q ~ BB t - 

sH 3 H] 

BE] 


E 3 B 

T 

si - E 3 E 3 

" 5 

M x 

m 2 

m 3 

m 4 

Mj 

-Ny 

0 

0 

0 

Ml 

0 

-n 2 

0 

0 

M] 

0 

0 

-n 3 

0 

Ml 

0 

0 

0 

-Nt 


> 0 (6.4.4a) 


< 0 (6.4.4b) 
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S = AX + XA t + ] -^(BY + Y t B t ) + T + ^-^-a 3 H 3 Hj +Q + a 4 A,A? 

2 ,-=i 2 

M, = [XE X AE 2 t ], JV, = diag{a 1 /,a 2 /}, M 2 =X, N 2 =a 4 I 

M 3 ^Y\ N 3 =I, M 4 =Y t E], N 4 = —^— a 3 I 
2 1 + a 

m y A, 

U(t) = YX~'x(t ) (6.4.5) 

UEB^ ^\AnUWu{t) = Kx(t) , 

k e R mxn , 


A(t)+ l -^B(t)K 


x(t) = 
x(t) = <j){t), ? e [- r , 0 ] 


x (/) + A x {t)x(t -d) + B(t)rj(t) 


(6.4.6) 


1 + a 


J £ 4 >, t]{t) = Sat ( Ajc (/))- — Kx(t) a 


1 1 ( 07(0 < T C 1 - CT )** T m J Kx(t) 


i4 ®.^^ t ( 6 . 4 . 6)&tl Lyapunov 

L(jc(?),0 = xT (0^ >;c ( 0 + f x T (5)/?,x(5)ds 


(6.4.7) 


(6.4.8) 


, P, Ri , JJl!l V(x(t),t) t 

% 


V{x{t),t) = x J (t) 


■ T "' JI A(t) + ^{\ + a)B{t)K 


P + P 


A(t) + ^(l + a)B(t)K 


+ R i ^ x(0 


+ 2x t ( t)PA l (t)x(t -d) + 2x J ( t)PB(t)rj(t ) - x r (t - s)R x x(t - d) 

*f(6.4.9)J[SZffl3 IS 4.2.3, nj# 

V(x(t),t) = x T (t)W x x(t) + x J {t- s)(a 4 l I + a 2 x EjE 2 - R x )x(t - d) 
+ x T (t)PB(t)B J (t)Px(t) 


(6.4.9) 


(6.4.10) 
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W t = A J P + PA+ l ^(K T B T P + PBK ) + R X + a^E?E x 


+ P 


i =1 

1 + a 


+ X -(\ + o)a,H,Hj + a 4 A,A? 


+—a 3 l K T E^E 3 K + 


(1_CT) K t K 


2 J J 4 

s > o q om wt = 



BB r + BE 3 t (<?/ - E 3 Ej )“‘ E 3 B T + sH 3 HJ < Q 

(6.4.11) 


el - E 3 Ej >0 

(6.4.12) 

istffl? \m 4.3.i, pm 



B{t)B\t)<Q 

(6.4.13) 

$ 

R x = a~ 4 l + a 2 l E 2 E 2 

(6.4.14) 

am 

V{x{t),t) < x J (t)[W x + PQP]x(t ) = x\t)W 2 x{t) 

(6.4.15) 





W 2 =A T P + PA + ] -^(K T B J P + PBK) + Y j a;'EjE i +a~ l I 

2 , = i 


+ P 


^ a,//,//, T +|(1 + a)a 3 H 3 H^ + a 4 A,A? +Q 


/=! 


1 + cr ^'k t e]l 3 < 


(1-0-) 


e, >0(1 = 1,2,3,4)fn^>o 

^^(6.4.11), (6.4.12),®. W 2 <0 , & 


V ( x(t ), t) = -a ||*(f)f (6-4. 16 ) 

^ 4L a = A max (W 2 )>0o 2 max (1F 2 )^^2 o & Lyapunov ^ 3PH*g®. 

6.4.1, F?(t)Fi(t) < /(/ = 1,2,3) MA?Ia£'I 4, f*WI^(6.4.6)J!r##lt 

^gpm^W^SN-if^^(6.4.i)^##oX^Wo 

*tx = r\ X^w 3 =xw 2 x, Wi^ 
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w 2 


= XA J + AX + 
+ CC 4 ^ XX + 


1 -^-(XK t B t + BKX) + Y j a~ l XEjE i X 

2 1=1 

2 1 i =7 

'Za.ntf +—-ct 2 H 3 H] + a 4 A,A?+Q 
. i =1 1 


+ XK J ElE 3 KX + (1 XK J KX (6.4.17) 

2 4 

^Y = KX , SchurM, 1), (6.4.12)#] W 3 < 0 LMI 

(6.4.4)c Wo 

m , , mvH i =omE i =o,i= 1 , 2 , 3 , 

*tl& 6.4.1 ^I^(6.4.1)A^A1 $;eW, &B9H i =0ffiE i =0, i = 1,2,3 , 


e - s5 t > o 


X\AX4 T +—'-(BY + Y T B T ) + Q + aA x A{ 
X 


X 

-al 



0 


<0 


1 - <7 
2 


Y 


0 -I 




u(t) = YX~ ] x(t) 


(6.4.18a) 


(6.4.18b) 


(6.4.19) 


^M{6AA)^Li^M'^MJB, TO#)tiiAiflHW'tf<£o SfSl6.4.iW 

x(t) = A(t)x(t) + A x (t)x(t-d(t)) + B(t)u'(t ) + B,(0u'(* - d 2 ) 

u\t) = Sat(«(0), Sat(«(0) = [sat(M 1 (0) sat(w 2 (0) ■•• sat(w m (/))] 

x(t) = <Kt\ te[-r, 0] (6.4.20) 

S 1 (0 = fi,+Afi 1 (0, A B l (t) = H 4 F 4 (t)E A , F 4 (()Kl7cff 

Lebesgue oTSlJW, JJ£J£ ^(OW < / . 

£116.4.2 A^^Bt'if^^(6.4.20)^##Bl^^(H], X, 
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Qx, 02, ®^rfPtelff j >0(i=U ) -,8), *,>0, £ 2 >0?«JEinTtoLMIs: 


Q X -BB 7 -e x H 3 H 3 


BE} 


E 3 B l 


E . I - /:■ 


>0 


(6.4.21a) 


Q 2 ~B x B^ -e 2 H a H a t B x E] 


EM 


Eii - e a eJ 


>0 


(6.4.21b) 


M, M 2 M 3 M 4 


0 


M, 1 -tV, 0 0 

0 - AT , 0 0 


M . 


T 


M 3 t 0 0 -a 3 0 


m 4 ‘ 0 


0 0 -N d 


<0 


(6.4.21c) 


S = AX + XA 1 + ] ~y^(BY + Y t B t ) + a x H x Hj + a A H 2 H T 2 + a 3 A t A? 


+ Qx +& + '-^(a 2 H 3 H] +a 5 B t B x +a 6 H 4 Hj) 


M, = 2f, N x = a 3 I 

M 2 = ^XE\ X %2 ]» # 2 = diaglaj/, a 4 I} 


M 3 = 


1 -a 


l - o * 


N 2 - diag^ a 7 ,a 8 /, 


2 ac 


l + o * 


A /, 


= [> T £ 3 T y T £ 4 T l A/^4 = diagj-— 

L -I 1 4- rr 1 + O* 


[l + O * 1 + 0 * 

M y A , —: 

u(t) = YX l x{t) 


(6.4.22) 


Ift. Lyapunov PL fi 'J-J 

V (x(t),t) = x 1 (t)Px(t) + f v T (s)i?,x(v)ds+f x T (s)/? 2 x(5)ds (6.4.23) 

6.3.1 WilEBJ, >0, <r 2 >0 Qx, Q 2 & 
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SS T + S£ 3 r (£,/ - E 3 E] ) _1 E 3 B t + e { H 3 H 3 < 0, 

(6.4.24) 


B,fl, r + BE](e 2 I - e 4 e ])-' e 4 b] + s 2 H 4 H] < q 2 

(6.4.25) 


£,/ - ZSjiij 1 > 0 

(6.4.26) 


e 2 I-E 4 E] >0 

(6.4.27) 





R t = a 3 x I + a 4 l E] E 2 

(6.4.28) 


R 2 = l + <J ( a 3 ] K T K + a~ i K T E]E 4 K) + (1 ” CT) a^ l K T K 

(6.4.29) 


V(x(t),t)<x T (t)W lX (t ) 

(6.4.30) 





W x = A J P + PA + i —JL(PBK + K t B t P) + R x + R 2 + o^ l E^E l 

x ] -^a-'K J E^E 3 K + P^a l H l H? + ] -—-a 2 H 2 Hj + a 3 A,A] + a 4 H 2 H] 

A-^cc^B] A~-a 6 H 4 Hj + Q x + Q^P+^-^-a?K T K 


6.4.1 MffiBJ , SS 6.4.2 #ffi 0 

#|J 6.4.1 fa] 



2 0 -0.5 0 „ 3 2 

^ = , A. = , B = 

1-3 1 -0.8 -0.5 1 4 
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m= 


sin(?) 0 
0 cos (?) 


, i = 1,2,3, d = 0.8|sin(Y)| 


m%JfMmtt%m%m$‘\i%Sa.t(u i (t)) = u i (t)--u i (t)xRw<i(t) o Rand(/) M: 


X ■ 


0.9634 -0.4379 

-0.4379 15.9186 


Y = 


-3.8407 0.5315 

-2.8287 -1.5418 


-A- 




K = YX~ 


-4.0219 -0.0772 
-3.0180 -0.1799 


6.5 


TEH 6.5.1 ^^^tt0l-?t^^(6.4.1)^##^BT^W, 

0, TV, ^2> P 3 , OTFfnt^Sa ; >0, *>0,/?,>0,(i=l,2,3)ffiJ£inT 

Wt£'l4£gP^^: 


' s 

M 

m 2 

m 3 

$ 

1 


M] 


0 

0 

0 


m] 

0 

-^2 

0 

0 

<0 

m 3 t 

0 

0 

-^3 

0 


_m 4 t 

0 

0 

0 

~n 4 _ 


0- 

BB J - 

s x h 2 hJ 

be] 

>0 


£ 3 fi 

,T 

£ \- 

- F F l 



X 

XE] 

xa t 

E x X 

ft 1 

0 

AX 

0 

Px-PxHxH] 


(6.5.1a) 


(6.5.1b) 


(6.5.1c) 
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X 

xeJ 

XA, r 



e 2 x 

P 2 i 

0 

>0 

(6.5.Id) 

A,X 

0 

p 2 -p 2 h 2 h'1_ 



X 

y t e] 

y t b t 



e 3 y 

/y 

0 

>0 

(6.5.le) 

BY 

0 

p 3 -&h 3 hJ_ 






Pq - P\+ P 2 + 


1 + a 


P 3 


S = XA t + AX + XA? + AjX + 1 ~y^(BY + F T 5 T ) + a 1 // 1 // 1 T + a 2 H 2 Hj 


+ ] -^H 3 H] +Q + tA,P 0 A, ! +ts 2 H 2 H 2 +^rl +tA ] QA? 
2 2 


M, 




[xeJ XE 2 j, A r , =diag{a,/,«,/} 
1 - o- wl l-a 


Y \eJ — 7 t ^4~tY t 


N 2 =diag-|^^-, I, I 


1 + a 


2 2 

M3 = 'JtA\ P () Ej , N 2 = s 2 l - E 2 P 0 E 2 , M 4 = yfcAtQEl , N, = e 2 l - E 2 QEj 
-llil, nj#— 

u(t) = YX~ [ x(t ) 

iE0£ Xt^S^^#^(6.4.1)?|A^#«(0 = «*(0o 


/7(0 = Sat(£x(0)-^£x(0 


(6.5.2) 

(6.5.3) 


MM, 


T} T (t)T}(t) < ^-^-X T ( 0^ T J&W 


(6.5.4) 


x(t) = 


A(t)+ X -^B(t)K 


x(t ) + 4, (/)x(?-a') + B(t)rj(t) 


(6.5.5) 


x(t) = </>(t), /e[-r,0] 

|fl Leibniz-Newton 2 Vj'^, [, I"f'} 
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x(t) = | A(t) + X -~- B(t)K + 4 (!) 


x{t) + B(t)r](t) 


A(t + .s)x(/ + s) ——— B(t + s^)Kx(t + 5 ) 


4 4 (/ 4- s)x(/ 4 S — d ) 4 B(t 4 S^TJ^t 4 s) j cLs 1 
Lyapunov 

V(x{t),t) = x 1 (t)Px(t) +[° f x T (0)Rx(&)ddds 

*-dJt+s 

mOlth Lyapunov ili^7S'#^^t(6.4.1)&5|fl3l:7 l c ;: J 1 0^fB [ ] t 


(6.5.6) 


(6.5.7) 


V(x(t),t) = x T (t) 


1 \ 1 / 1 

A(t) + ^-^B(t)K + 4(0 P + P\ A(t) 4 — B(t)K + 4 (0 
2 y v 2 


x(t) 


■ L(x(t), t) 4 lx 1 (t)PB(t)Tj(t) 4 dx T (t)Qx(t) - X T (t 4 s)Qx(t 4 s)ds 


(6.5.8) 




L(x(0,t) = -2x T (0Pf^A(() 


A(t + s)jc(/ + 5 ) + ~~ B(? + s)Kx(t + s ) 


+ A x (t + s)x(> + s-d) + B(t + s)tj{t + 5)]ck 

*3184.2.3, Rpf# 

L(.x( 0,0 = x T (0»" 1 x(0 4 L(x(t),t) 4 2x t (t)PB(t)T](t) 


4 TX 1 (t)Rx(t) - j° d x T (t 4 s)Qx{t 4 s)ds 


(6.5.9) 




W x = A t P + PA + A,' P 4 PA, 4 ] ~y-(KBP 4 PB t K t ) 4 (X X PH\H\P + a, '£, T £, 
4 a 2 PH 2 H\P 4 a ,”‘£, T £, 4 — a,/ 3 //,//, 1 £ + l -^a; x K J EjE,K 


f3- f 11 3 11 3 


2 J J 2 

s 4 > 0 0 : 


Sfi 1 4 ££, (4 / - £ 3£3 ) _1 £ 3 £ 1 4 4 // 3 // 3 1 < 0, 


(6.5.10) 


4/-£ 3 £3 >0 


jailer 


(6.5.11) 
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2x T (t)PBrj(t) < x T (t)PB(t)B J (t)Px(t) + rj T (t)r](t) 

< x T (t)PQPx(t) + - ~ x T (t)K J Kx(t) 
4 


mw, *?ia4.2.3, or# 

L(x(t),t ) 

< rx T (t)PA x (t)P 0 A x (t)Px(t) + J x T (? + 5)^4 T (l + 5)/| _1 ^(l + 5)x(/ + s)ds 
+ f x T (t + s - d)A x (t + s)P 2 l A x (t + s )x(t + s ~ d)ds 

J 

+ x -^- f x T (t + s)K t B t (t + syP^Bit + s)Kx(t + s)ds 

2 * ~d 

+ f x T (t)PA x (t)B(t + 5 )fi T (t + ( 0 *( 0 d-s + f Tl T (t + s)r/{t + s)ds' 

J -d -d 


^p 0 =p x +p 2 +-j-p i , M 

tx t ( t)PA x (t)P 0 A x T (t)Px{t) 

< tx t {t)P[A x P ( X + A x P 0 Ej(s 2 I - E 2 P {) El )-' E 2 P 0 A? + f 2 // 2 // 2 r ]/>x(0 


tj r (t + s)rj(t + s)ds < * T (' + s)K T Kx(t + s)ds 

[° x T (t)A x (t)B(t + s)B J (t + s)A , T (t)Px(t)ds 

J -d 

< tx t (t)PA x ( t)QA 1 T (t)Px(t) + tx t 0!)p[a x QA x J + A X QE] {e 2 I 
-E 2 QEj )“’ E 2 QA x +£ 3 H 2 Hj]Px(t) 

ffzVkdf- fcMik P x , P 2 , P 3 >0®# 

A J (P x -P X H X H X )~ l A + K'E*E X <P 
A?(P 2 - P 3 H 3 H] f A x + ft'EjE 2 <P 
(BK) t (P 3 - P 3 H 3 Hj r 1 BK + p-'EjK t KE 3 < P 
P.-ftHtf >0, i = 1,2,3 


(6.5.12) 


(6.5.13) 


(6.5.14) 

(6.5.15) 

(6.5.16) 

(6.5.17) 

(6.5.18) 

(6.5.19) 


(6.5.20) 
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Razumikhin )£3g, jffi —q > 1 jinT^^AL: 

K(x(,y),,y) < qV(x(t),t), t-2r<s<t (6.5.21) 

i(6.5.15)~(6.5.21), | J14.3.4, #4~ R = (1 ~ K J K Hf?f 

4 

L(x(t), t) + rx T ( t)Rx(t ) - J"°^ x T (/ + s)Rx(t + s)dt 

< vx r (/)P[^P 0 ^ T + 4P 0 pJ (e 2 I - E 2 P 0 Ej )“' E 2 P 0 A? + £ 2 H 2 Hj ] Px(t) 

, n ,2 (6-5.22 ) 

+ r 9 x T (f )P*(0 + (1 tx t (t)K J Kx(t) 

+ rx T (t)P[A x QAj + A y QE 2 (e 3 I - E 2 QE 2 ) _1 E 2 QA? + £ 3 H 2 H 2 ] Px(t) 

V(x(t),t)<x r (t)W 2 x(t ) (6.5.23) 

JS* 

W 2 =A t P + PA + A^P + PA { + ^-^(PBK + K T B T P) + a i PH l H?P 

+ a^E^E l +a 2 PH 2 HjP + a 2 l EjE 2 + ] -^(a 2 PH 2 H]P + a 3 l K J E 3 'E 3 K) 

+ Tg p + (1 ~^) .... (i + r )A: T ^ + PQP 

+ t[a,QA? + A x QE 2 (e 3 I -E 2 QE 2 ) -1 e 2 qaJ +£ 3 h 2 hJ]p 
+ t\^A x P 0 A^ + A x P g E 2 {e 2 I - E 2 P 0 Ej)~'E 2 P 0 Ai +£ 2 H 2 Hiy 
4IA X = P~\ Y = KX, W 3 =XW 2 X , JWJ w 2 < 0 WTT W 3 < 0 , S&$, W 3 ttqftlr M 

4 -W = w 3 , n*q = i, Q , 

Pi, P 2 , Pi, M^YMUmcc, .>0, #>0, £, ->0,f = 1,2,3iiJ£$£^F^;(6.5.1), 

WlJ — , iP*MiM 

0 < d < t , 

K(z(0,/)<-«|A0|| 2 (6.5.24) 

^4’, « = ^max(^ 2 ) >0 ’ ^2 WSMffifl, & Razumikhin 4- 

ffiSchur^ia, (6.5.10), (6.5.11) (6.5.17)~(6.5.21)4fl W < 0 W^gt$3£P£ 
2F^(6.5.1)o 
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09 6.5.1 



~2 Ol 


-0.5 

0 


'3 

2 

A = 

1 -3 

. 4 = 

-0.8 

-0.5 

, B = 

1 

4_ 


H: 


0.2 0 
0 0.2 


E, = 


1 0 
0 1 


i = 1,2,3 


= M i (0-^w,(?)xRand(?) 0 K4 5 Rand(/) 

om i mima=o.8, %mMMJsm$[.%d=o.2\sm(o\, 

-17.9388 -1.1226 " 

-11.4081 -32.6219 


X = 


6.2823 1.6591 

1.6591 91.1732 


Y = 


JHU—'f'ffi# ® 5f %. *&# (0 AiE'IZtfc iS ^±s fit A 


-2.8660 0.0398 

-1.7291 -0.3263 


6.6 




0«I^ ift## J 


x(t ) = ^(7)x(0 + 4(/)x(/ - rfj) + B(t)u'(t ) + 5,m'(1 - d 2 ) + D x co{t) 
z{t) = Cj(?)x(l) + C 2 (t)u'(t) + D 2 co(t) 


u'(t ) = Sat(w(0)> Sat(w(0) = [Sat(w,(0) Sat(tt 2 (0) ••• Sat(w m (t))] 6 ^ 
x(0 = 0(f), f e [-T, 0] 

4£40 x(0e/TJEMfc£$J:, wCOe^^A^ftlW^JliA^aOfe^i^ifW^J 
fPIfii), «'(0eri4tM®JiA^I, yi(t) = yi + M0. 4(0 = 4+M(0. 
B(0 = B + AB(t) , ^ (0 = By + AS, (0 , C, (0 = C, + AQ (0 , C 2 (/) = C 2 + AC 2 (/) , 
A,AyeR mn , B,B { <=R" xm , C l GR rxn , C 2 e R rxm o $61^ 

M(t), M(f) , AB(0, AB^t), ACy(t), 
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rfh #mm&^WLT{m*m^MtM%. 

0 < d. 2 < t < co (6.6.3) 

^(f)^3^^ii.7t?t^J : !/Jin[Bla®IS!:, tJJlT Banach ^|0] C”[-r,0] ±^7fc?tSil!( 
^ : [-r, 0] (-> /?”, W^l := sup || < F(^)| (6.6.4) 

~r<rj< 0 




AA(t) = /^F, (O^i, M (0 = H 2 F 2 (t)E 2 , AB(t) = H 3 F 3 (t)E 3 

AB.it) = H 4 F 4 it)E 4 , AC.{t) = H 5 F 5 (t)E 5 , AC 2 it) = H 6 F 6 it)E 6 (6.6.5) 


F.it), / = l,2,---,6^7jr ; i‘M3iifCW^^nW^0 T f'^@IS(, Lebesgue 


nTM, ej§£ 

F?it)F i it)<I, i = 1,2,••■,6 (6.6.6) 

6 . 6.1 ^( 6 . 6 . 1 )^##^ -y 'h# 

Kt) = Aje(r) W, M 

||z(0|| 2 <r||®(0||> V(»(l)elj[0,oo) (6.6.7) 


## «(/) = Kx(/) Ji-t* H a 


rtttx 6.6.i 
£3 6.6.1 ^itr>0, 

x > 0, Q. > 0, Q 2 > 0 , $g|$ Y f0IE#Mai>O(i=l, 2 

>0, e 2 


, 8 ), 


Q. - BB 1 - £.H 3 Il] BE] 


E 3 B l 


~ E 3 E 3 j 


>0 


(6.6.8a) 


Qi £ a 

h 4 hJ 


B.El 

>0 


E 4 Bl 


*4 

- F F 1 
£‘ 4 e* 4 

- 

' s 

M. 

m 2 

m 3 

m 4 " 


M 1 . 

-N. 

0 

0 

0 


Ml 

0 

-n 2 

0 

0 

<0 

Ml 

0 

0 

-n 3 

0 


_Mj 

0 

0 

0 

1 

1 



(6.6.8b) 


(6.6.8c) 
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S = XA J + AX + ] ~y^(BY + Y J B J + a 2 H 2 Hj + a s B+ a 6 H 4 Hj) 
+ + oc^ A] / 4 | + oc^H 2H 2 + Q\ ~t~ Q2 


M ] = X, Wj = * 3 / 


M 2 = r XEI XE] xcj XE]\ N 2 =diagJa,/,a 4 /,0.2/,—/ 
L J 70, 




1 ~ cr x 1 - a x 


y 1 y 1 


2 2 

*/ 4 =[y T E 5 T r T £j r T c 2 T j- t ] 


2 ^ 

, N 3 =diag<la 7 /,a 8 / 5 ——/ 


1 + <7 


N 3 = diag \ 


2 2 a* 

1 , 


1 , 0 . 2 1 , 


[1 + 0- 1 + C7 ' 7{0 2 +0 2 0 4 ){\-ct) 1 +1W 2 0 4 

^=^(H]H 5 ), 0 2 =^(H t 6 H 6 ), 0 3 =A max (CjC 2 ), 0 4 =A m JEjE 6 ) 
PJB^, oJ ; (#^ y h'n3i;W##// 00 

u(t) = YX~ x x{t) (6.6.9) 

ffiBE 3IA3$$!l£irw(/) = A-K(0 > Lyapunov 3§$ScA 

V(x(t),t) = x T (t)Px{t) + f x J (s)E i x(s)ds+ f x T (s)B 2 x(s)ds (6.6.10) 

J —d, J -d^ 


MM, bmT£M&-. 

V ( x(t ), t) + z T ( t)z(t ) - y 2 0) T ( t)co(t ) <0 (6.6.11) 

J=f ( z T ( 0 z ( 0 _ ? / 2 < yT ( 0®( ? ))^<0 ( 6 . 6 . 12 ) 

Jo 

SP||z(0|| 2 <r|K0||?i^o 

6.4.2 ftjffinj, mmimmei >o, £2 >owtJE^^ a® 




ss 6 $ 
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efi T + B£ 3 T (£-,/ - £,’ 3 £ 3 T )“' £ 3 B t + £-, H 3 H] < Q 

(6.6.13) 


A,A, t + 5£ 4 T (e 2 / - E 4 EjT 1 eX + f 2 // 4 // 4 T < Q 2 

(6.6.14) 



s x I - E 3 E 3 > 0 

(6.6.15) 


c 2 1 — E 4 eJ > 0 

(6.6.16) 



R { = a 3 1 / + a 4 l EjE 2 

(6.6.17) 


R 2 = l + <T ( a~'K J K + a^K 1 ElE a K) + (1 “ ct) a^ l K T K 

(6.6.18) 


V(x(t),t) < x T {t)W x x{t) + X 1 (t)PD x co(t) + co r (t)D?Px(t) ( 6 . 6 . 19 ) 

W x = A J P + PA + X -~- (PBK + K T B T P) + R l +R 2 + cc{ l E? E x 


1 + <7 

+ - 

2 


a 2 K J E 3 E 3 K + P a x H x H^ + ^^a 2 H 3 Hj + a 3 4A? +a A H 2 H 


T 

2 


~a 5 B { Bj + l -±7 a6 H A Hj + Q,+Q 2 P + ( ^—p^a 2 l K T K 


z T (t)z(t) < 7x T (f)C ! T C,x(/) + 7x T (OAC, t A C x x(t) 

+ t ■ x t (o(^ t c 2 t c 2 a' + a: t ac 2 t ac 2 a:)x(0 
+ It] 1 (0(c 2 t c 2 + ac 2 t ac 2 )7(0 + 7® t (0£> 2 t £» 2 ®(f) 

< 7x r (0 C, t C,x(r) + 70,x t (0£ 5 t £ s *(0 + * T (OK T C 2 T C 2 Kx{t) 

7 

+ -2.(1 - a) 2 x T ( t)K J Kx(t ) + 70 2 <9 4 x T ( t)K T Kx(t ) 

4 

nn n 

+ ^ (l - C7) 2 x T (t)K T Kx(t) + lco J {t)Dl D 2 co{t ) 

4 


( 6 . 6 . 20 ) 
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^£(6.6.19)fH(6.6.20), ^ 


V ( x{t ), /) + z 1 ( t)z(t ) -y 2 a> J ( t)co{t ) 


< 

x(t) 

T 

w 

x(t) 






x(t) 

0)(t) 


T r s, 

[dJp 


PD, 

lD]D 2 -y 2 I 


x(t) 

co(t) 


( 6 . 6 . 21 ) 




5, = W, + 7C, t C, + 70 x EjE s + - ( -- ^ Cr) K 2 C]C 2 K 
4 


-K r K 


7(6» 3 + 6> 2 <9 4 )(1 - ct) z + 2W 2 9 a 

i^( 6 . 6 . 21 )i|y£W^ 5 >^f ^^<0 , ms.w <0 w —<0 , 

4 -X = P~\Y = KX , !F<0#ffrT 


X 

0" 

' 5 , 

1 - 

' X 

O' 

0 

I_ 

D X P 

1D 2 D 2 -y 2 I 

_0 

I 


<0 


( 6 . 6 . 22 ) 


ST Schur M, (6.6.22)#tf(T^tt^T#5£(6.6.8c), 3t(6.6.13)~(6.6.16)Wr 
T(6.6.8a) f0(6.6.8b)o ilE^o 

m 6.6.i 



~2 01 


-0.5 

0 


'3 2 

, C = 

‘0.15 

0 

A = 

1 -3 

> 4 = 

-0.8 

-0.5 

, B = 

1 4 

0 

0.15 




’0.05 

0 ' 


0 . 5 ] 


' 0 . 15 ' 

A = 

0 

0.3 

, D - 

0.5^ 

. A = 

0.! 


0.2 




0 



z = l,2,---,6, Ej = 


1 0 
0 1 


: 1,2,3,4, E, 


0.2 0 
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x-ax-kx- 0 (7.2.2) 

\ 2 =a/2± 4a 2 !A + k , tXX \fc * 

mi22mmi23k>onk <- a 2 s 
-^JirajEWM(SM#i8&T-a 2 /4< 1 t<0'tf^, il-TOT^ 
-'Mi7Ff££)o 




£j5l^(7.2.1)M>lfe£|p]*3u 1 =x 
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m 7.2.5 
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Jg® 7.2.1 MfflWfciffitfc, ffi 


\-kx, xs > 0 
1 kx, xs <0 


(7.2.5) 


k^jjxmmte, m&k>a 2 / 4 , 

s = c.r + i = 0 (7.2.6) 

g*. c^?t^®#ISC, M0<c<-(a/2-Va 2 /4 + A:)o &MWSWTOJH8 



S 7.2.5 


Mflll, )f^xs = OtfIMT0M, inffl 7.2.6 0f^= ftK 
& i fa hi , MM 11*b iv ft 

g#K#T, 

«®#JaL® 7 . 2.60 iA®±M, aiiWDttIOTK«, 
tl^(7.2.5)iftMT, 5 = 0 
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ffl 7 . 2.6 

±o ip^wapea, %®mmm t 

IP5 = 0 0 Iiit(7.2.6), oT#I^I^^A1eA 

x = -cx (7.2.7) 


e- rt 

MfcflTffir Wfa Hi (H)Jl , IK IV 

x-l [ a/2-Ja 2 /4 + k ] jx = 0±_, 

{a!2-'[c^~i~A+k\t 

?t«&®, vx e~ ci 0 

tHoP^K 

>Ah A kA#JA A, Afl J A A K #®J WW AH AS ASP A-A 

HffifqglW, AM]*B AMMAfttM3&g&&f£££fnMffiWIW Mte 

tto 

?tm®#ilc>0o >AA(7.2.7)M, ^C<0, liffltllj!*H£Mo 
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im 7.2.6 ffijjk, *^J^(7.2.5) 

fMT, #ft-BiflSir>o > m% j (0 = o, vt>To 

7.2.2 7ft&€£)ttrt&£M 
7.2.i 

^Gseja, 

^ffW^ntWHSI 7.2.7 0T7Ko 
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w = fc 1 x,+A: 2 ^ 2 (7.2.9) 

x - (a + k 2 )x - k\X = £, (7.2.10) 


ffic BP£*£*0, JillJnI#m^e(7.2.10)M^»* 


x(co) = £;lk l 
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mAmmM^mvxk-' 

« , m\mizmi2.%)immmMWi, 

(i) 

s{t) = c x x x + c 2 x 2 = 0 (7.2.12) 

m*, s(/)ei?jiffMg$c, *fflc 2 m*&%&&jmmw&WLo®Mm£c 2 *o, 

sjaij, ^ffi^x,=o, *i,=x 2 , m!U 2 *oitt, iiinmumr, 

m#o toc 2 =i, &5=o, m%x 2 =-c x x ]0 mMx x =x 2 , nmm 

ATj = —CjjCj (7.2.13) 

&mmmg&c l >o, mm&m&n£o 




s = c x x x +x 2 = c x x 2 + ax 2 + u + % 


(7.2.14) 




u = -(c + a)x — Tjsgn(s) (7.2.15) 

> |^| max o Lyapunov bS|$C V = 0.55 2 , M#iIH 

L<V2 tj 0 Jv (7.2.16) 

iH^it// 0 ?i^?7>|^L+7o° ^(7.2.i6)s^7?tmffiaM»^Pi0tiBi 
Hiit, ^(7.2.13)^], 

x, (0 = e' c(, - T) x x ( T) , x 2 (t) = -cx x (t) (7.2.17) 

, mm t , sp sen =o 0 

±5 = 0, ®T||^(7.2.5)^MtfltW^*iitB^WeT|ijMo 

imM, Filippov £#7—'MtJJCfaflffSs, Filippov 

mfi^m#5 = 0o 
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« eq =-(c + a)i-£ (7.2.18) 

iuaamam, tmwkmi 

mammmm-^mmm , rm ^ jtt - 

tSSM. 

^F^friSfiT!] A 

w eq =-(c + a)x (7.2.19) 

ffl&lffl 7.2.8 0 T/Ao 



m 7 . 2.8 


M 7.2.8 nr(m+,, ^JjtWiuASEfeM^M, M, =-(c + fl)i*^«»A 

tt 2 =-7sgn(j)^jS§|4tA», 
A£Jt, mffi s = o Aistfo *5^(7.2.18)91^, 

« 2av = -£ , 

« 2av Is = -oo o , KlfiCTilA:, ft 

k 2 %-00 o nT^l^A:] ^oo0t, 

o 0 m« w, iMi^*65is$JiAio 

mt\mn * m-m&M -*m° 

(2) 
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EL-Ghezawi^ 

mmmm^rtmmmmtmitwms&rjLttMmo 

Pfr|^(7.2.8)2| % 

z = Az + Bu + D£ (7.2.20) 


z = [xxf , A = 

mmm0mc=[ C] i] 0 n* 

i = CAz + CBu + CDS, = 0 (7.2.21) 


5 = 


D = 


.2.19)^7kA s-Cz , 


z = [/ - B(CB)-' c] Az + [l-B(CB)-' c] £>£ (7.2.22) 

iE&l^7 p = b(cb) ’c o M^n, ^dgt?[ 5], gp?i eme^, IM 
D£eJV[/-F]® 0 i£—^-( 7.2.22)oTIUft^/ 

z = [/-F],4z (7.2.23) 

7JH£nz = F[/-F] 0 7 7ifc £><? {£7^7 / - F M?t^§ti^!Jiy 

|iT/-FMt^l'0]o 3£W7$|B]Ji5i7-F 2 ^l’a]WlE^lhS|BOo 3£7E5H& 0 jy77 

*6xt#8M4o 
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±®^r i^rasffl. 


7.3 

mii?kmm%w&mmmjfM±-o iaa- -7777 
fT5fc, 


® am«[ ■ ]S*#®w^si'b], n[ • Bo 





■ 185 • 


x(t) = Ax(t ) + A d x(t - r) + Bu(t) + <%(x,t) (7.3.1a) 

x(t) = 0(t), ?e[-r,0] (7.3.1b) 

u(t)eR m £(x,0 

f(t)eR n %A d %\B% 

tifStW'fiftitOT, M0t#r>O o )tfM(7.3.i)#£nTfgi£: 

(1) ^E^(^ + ^,s)^oT^Wo 

(2) SMIM^W, BP 

Zix,t) = Bf{x,i) (7.3.2) 


B. 
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(7.3.3) 


y{x,t) ^BftlWlEfeaS^o 
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B ±t A d B , A d2 , = (B t BT ] B T A d B L fH A d22 = ( B r B)~ l B 1 A d B 0 

fexmmmmWL 
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A# z =[0 /J T , JUlJAA-fe'ft, fftiH#M^Rj2g* 

5 = [C / m ] (7.3.7) 

K4 5 , Cei? mx( "- m) ^S#ir 0 BPs(/) = Cz,(/) + z 2 (/) = 0 

H, fl‘z 2 (0 = -Cz,(0 o *TOtA(7.3.5b), 

^i(0 = (-^n — ^n^) 2 ! (0 + (Ai i — A di2^) z i (t ~ T ) (7.3.8) 


51 a 7.3.i *, y x, itspt 

2 x T y<x T X~ l x + y T Xy (7.3.9) 
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(7.3.11) 


0<O, <0 (7.3.12) 
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+Q A ^+QA T dn -Y JA u-Y 1 A 1 dn 
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v ( t ) = yj (!)Py ] (t)+ [ [ zj (w)A 1 d] PA dx z l (w)dwdd (7.3.14) 

J —T * t+0 

K*;Vi(0 = z,(0+f A dx z x {w)dw, PeR< n - my *”- m) M]EfeXt%fi&m o &M3\ 

J t~T 
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(7.3.16) 
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7.3.2 am, ^#^(7.3.20)^#^«M^^(7.3.13)^o ffi 

ii7.3.i , iia LMi-toois, 
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Decarlo 
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mmmmo 

£il 7.3.2 *fBt/§»(7.3.5), ^OTi(7.3.6)W(7.3.7)^^., 
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w(t) = -SAz(t) - SA d z(t - T)-(y/{x,t) + ^ )o-/||cr|| (7.3.24) 

iiBE 

&(t) = SAz(t) + SA d z(t-r)+ u(t) + f(x,t) (7.3.25) 

Lyapunov VaWiV = 0.5cr T <x , g?&#^gE(7.3.25)X*fBif|BI 

F = <t t (£4z(t) + SA d z(t - t) + u(t) + /(x,/)) (7.3.26) 

#®frJ^(7.3.24))TO5£(7.3.26), #£fe®M&#(2), ^ 

F < - 7 , |oj| (7.3.27) 

ftCT 7.3.2 PiVimm, BtW^E 
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mM^Mo m, ^z,=offt, sMga7.3.i, mnwm 
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iiBH z 

&(t) = SAz(t) + SA d z(t - r) + w(/) + f(x,t) (7.3.38) 
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(2) a m %. w % m # wl *§ n nr u & m m & a a a«) = hf(oe m 

AA d (t) = H d F d (t)E d H ,E.H d ^E d W, F(t ) 

fO F d (t) *j£||F(0|| < 1 W||F rf (/)|| < 1 o 
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2x T DFEy < sx T DD T x + s~'y T E J Ey (7.4.4) 

yeR*mn%l£>OJ&±, D fq E 

Mo 

?|S 7.4.2(Utkin, 1992) 

.S^G# 1 < 0 (7.4.5) 

G - fiBB J < 0 , jueR (7.4.6) 


s-17, 

ct = Sx = B t X- 1 x = 0 (7.4.7) 

ST, Se/T X "AM®#MP$, TA®T 


r = 


5 


IT 


(7.4.8) 


=[aB ± (5 1t AB 1 )- 1 S^X- 1 ^)-^ i-> Tx ,|^(7.4.1) 


i(f) = (Aq + AA# )z(t) + (A d + A A d )z(t - r) + B(u(t) + /(x, f ))> t > 0 (7.4.9a) 


ST 


z(/) = ^(/), t e [-r 0] 


(7.4.9b) 
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4> + M> = 


A _n 

,A\ 


A 2 
A 22_ 


B ±T (A <) +AA (t )XB ± (B ±T XBy i 

S(A d +AA 0 )XB ± (B 1 - T XBy' 


B XJ (A„ + AA 0 )B(SB )~ 1 
S(4> + AA 0 )B(SBy l 


(7.4.10) 


4/ + ^d ~ 


A d\\ -4/12 
.4/21 4/22 _ 

B L 1 (A d + M d )XB L {B L1 XB L y { 
S(A d + M d )XB L (B LT XBA~ l 


B 1 J (A d +M d )B(SBy 1 
5(^+^)S(5S)-' 


(7.4.11) 


^^Iz(/)»Z T (0 = [zi(0 *J(0]. ^2,(0 6^. Z 2 «6r o ftliJ 

z 2 (?) = cr(?), ifjfciil cr = 0 

Zj (?) = A n z, (?) + A dl ,z, (? - r) (7.4.13) 

Sll^W^iSW X ffi#^^( 7 . 4 . 13 )X^-i 4 ^i 4 W 0 t^^EE^ 
$1$ a A(t) ya AA d (t) MW 

7.4.1 

(3) ^,5)^ ore Wo 

$117.4.1 3g#£iE$Xtf&tf£l$* , lEt*fi£*B/? i (ie{l,2,3,4,5}), 0«# 
& r •. 

r* = max(r) 


Subject to: 




(7.4.14) 

MMff^ffii£TfA(7.4.7), 

jS#./eWo 

'<ii >( I.yapunov-Krasovskii ;l> pkl 

V(t) = y 1 {t)Py{t)+ [ f z^ (w)Aj ll PA dll z l (w)dwd6> (7.4.15) 

J-r Jt+0 

n*, y(t) =z,(o + [' A dn z x (w)dw, 

J t~T 

Tfc-H, y(t) = (4 , + A dl , )z, (0 , # 

P(0 = 2 < [ , _/i T ( w )^Jn p (4i + 4n) z i(0dw-J_ r Z I r (H’)^J 11 P^ 11 z 1 (w)dw 4 16) 

+ Z|(/)[P(41 + 4/11) + 1 I^n )>. (0 

*31*7.3.1, 

2j t r z i ( w ) A d\\ p ( A \\ + A dn )z l (t)dw 

<^zJ(w)A^ il QA dn z l (w)dw + T[zJ(tX A ^i + A T dn )PQ~'P{A n +A du )z x (t)] (7.4.17) 
$fc#£? = -P#ftA^(7.4.16), # 

K(0<z, T (0^,(0 

K4 3 


(7.4.18) 
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W=P(A tl +A dn ) + (A? ] +Aj 


d 11 


)P + r{(A? l+ A] n )P(A 


■ii + 4/i 


i) + A 


d\\PA d u) 


(7.4.19) 


* Lyapunov fi/Stt/SS, FJriiHSP'uH W <0 

t£Mp = (b l ' y xb l y 1 , <oWihM$i^AP, # i'll a 7.3.2, 

w < 0 : 


l t 


t~\DX + XD t ) 
GX 
DX 


XG 1 
-X 
0 


XD 

0 

-X 


L< 0 


(7.4.20) 


L = 


BOO 
0 B l 0 


, D = A + A d +AA + AA d , G = A d + AA d 0 ^1 ^ 13@ 7.4.2, 


0 0 B 

^#5^(7.4.20)X^'f/(T 

V 1 (DX + XD 1 ) - £.B5 T XG t 

^ £ddT 

DX 


XD 1 

-X-i;BB l 0 

0 -X-^BB 1 


<0 (7.4.21) 


£SMlE£tS[o iBA/#^5£(7.4.21)W£¥lfltfh 


M = 


-1 


(A 0+ A d )X 


X4‘ X(A 0 + A d ) 1 


+T~'X(A <) + A d j T -ZBB 1 

A d X -X-^BB 1 0 

(\ + A d )X 0 -X-4BB 1 

+T~ 1 D l HF(t)EXD? + r-'D.XiHF^E) 1 Dl 

+T^D l H d F d (t)E d XDj +r l D l X(H d F d (t)E d ) T D* +D 2 H d F d (t)E d XD? 
+D ] X(H d F d (t)E d ) J Dj +D,H d F d (t)E d XDf + D l X(H d F d (t)E d ) r Dj 
+D 3 HF(t)EXD\ +D l X(HF(t)E) J D] 


(7.4.22) 


M*,D?=[I 0 0],Z? 2 t =[0 / 0],D 3 t =[0 0 /] D *313 7.4.1, ^(7.4.22) 

T- x D x HF(t)EXDj + T~ l D x X(HF(t)E) T D, T 

< r _1 (frDyH^D? + fa'DyXE 1 EXD\ ) (7.4.23) 
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X x D x H d F d (t)E d XD? + x- x D x X{H d F d (S)E d f D, T 

< T-\P 2 D x H d HlHl + p 2 x D x XE]E d XD T x ) 
D 2 H d F d (t)E d XD* + D x X(H d F d (t)E d ) T Dj 

< p 3 D 2 H d H T d D T 2 + p:'D x XE]E d XD x x 

D 3 H d F d (i)E d XDl + D x X{H d F d (t)E d ) T D 3 T 

<fl A D 3 H d H]D] +p- A x D x XE]E d XD 1 x 

D 3 HF(t)EXD x + D x X(HF(t)E) J D] 

< P 5 D 3 HH j D 3 + p~ x D x XE r EXD x 


(7.4.24) 

(7.4.25) 

(7.4.26) 

(7.4.27) 


r -1 (x,X + ^ + jV 2 ) - £A8 T + iV 5 


M < 




X4j 

-X - %BB J + N 3 


XN x 

0 


N x X 


0 -x-%bb t +n 4 


(7.4.28) 

N X =A + A d 

N 2 = f3 x HH T + P 2 H d H] + p- ] XE J EX + P 2 x XE]E d X 
N 3 =P 3 H d H] 

N A =p A H d H 1 d +fi 5 HH 1 
N 5 = p-'XEjjE d X + p A l XE J d E d X + p s 'XE J EX 
E^IS 7.3.2, 7f7^(7.4.12)^M(7.4.28)W^^^^W, W< 0 , 

Wo 

7.3.2, 

£117.4.2 


u(t) = -(SBT l 


SAx(t) + SA d (X-T) + T] x tt— rr 

M 


(7.4.29) 


cr(t) = Sx(t ) = 0 ±, 

=£*77, =||5//||||£||||jc(0|| + \\SH d \\\\E d \\\\x(t-T)\\ + ^(x,t) + rj 0 
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iEW i cr 1 S lxA(t)x{t) < ||cr||||S!ff||||£||||jc(/)|| ffl a 1 S Xi d {t)x(t) < ||cr||||SW d || || E d 

\x{t)\^mm^mm^±.^it, amsfe^in vmm\m 0 

7.4.2 


*m 

(4) ^E^(45)^nT^Wo 

7.4.3 inMft&]E%rtfa&&Q,X e R nxn fea,,a 2 ,| ^WFtt 


FTO 


A3f + X4 T +g + 



xe t 

X£j 

a x HH J +a 2 H d H] -£BB J 

EX 

-a x 

0 

E d X 

0 

-a 2 

XA] 

0 

0 


(7.4.30) 


<T(0 = 5 T A r_1 Jc = 0 


(7.4.31) 


llBE ?t^®(7.4.31)0f^SScW?ft5&1g;£^gE2fS;fc 

(7.4.13) 0 )e.>C^PTM Lyapunov-Krasovaskii : 

F(/) = z 1 T Pz 1 + [' zJ(w)(a 2 l PB 1 - T XE]E d XB ± P + PB ±T QB 1 P)z i (w)dw (7.4.32) 
J (-r 

V = z, T (Pi, ,+^ + a- [ PB l 'XE] E d XB L P + PB ±r QB ± P)z l 

+ 2z 1 T P4 /1 ,z,(/ - r) - z , T (t - T){a- 2 'PB LJ XE]E d XB L P + PB ±J QB 1 P)z ,(/ - r) 

(7.4.33) 

M3 IS 7.3.2, fcfl'M# 

2z, t PB ±J HF(t)EXB XJ {B xl XB x y x z, 

<zl(a ] PB ±T HH T B ± P + a^(B ±T XB ± )- , B ±T XE T EXB ± (B ±T XB ± y 1 )z i (7.4.34) 
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2 zjPB LT H d F d ( t)E d XB XJ (B 1 T XB L )~ l z, (t-r)< a 2 zjPB XJ H d H d B L Pz { 

+ a 2 z x (t - t)(B ±t XB x )~' B ±T XE d E d XB L (B LJ XB x )~ x )z x (t - r) (7.4.35) 

a u a 2 ^JIEUMo |W)0^3IS1 7.3.1, 


2 zJ(t)PB ±J A d XB ±r (B ±r XB x )~ x z x (t - r) < z](t)PB ±T A d XQ^XA d B 1 Pz 1 (t) 

+ z , T (t - t)(B xt XB 1 )-' B XJ QB- L (B- LJ XB x y' z,(? - t) (7.4.36) 

i%fcP = (B LT XB ± y l , &(7.4.33)~(7.4.36), 




F<z 1 t 1Fz 1 (7.4.37) 

W = PB 1J (AX + XA r )B 1 P + a x PB XJ HH r B 1 P 

+ a; l PB Lr XE T EXB ± P + a 2 l PB XJ XE d E d XB "P 
+ a 2 PB L ' T H d H d B L P + PB 1 - T A d XQ~ l XA]B- L P + PB- LJ QB- L P ( 7 - 4 - 38 ) 


<o^=y^^y^p- l wp- x < 0 , bp 

B ±t ( AX + XA T1 + a x HH T + a“‘ XE J EX 

+ a 2 'XE d E d X + a 2 H d HJ + A d XQ~'XAj + q)b x < 0 ( 7 - 4 - 39 ) 

Efe §13 7.4.2, 5^(7.4.39)^^F, #£— y HE^3& # 

AX + XA t + a x HH r + a^XE^EX + a 2 H d H d 

+ al l XE]E d X + A d XQ~ x XA] +Q-£BB t < 0 (7.4.40) 


a—S31S 7.3.2 nBP, ^4&|$;F^(7.4.30)jS!fc#^^(7.4.40)J&&, 

£il 7.4.4 5tfB«^(7.4.1), *(7.4.7), 

fij£re[0 t ^], 

u(t) = -SAx(t)-{m , \\x\\ + m 2 y(t) + y/(x,t) + 7 i)°'/|HI (7.4.41) 


7(0=||^-^)IL- 


^ e [0 ^max] 


(7.4.42) 
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IE^m 1 =||Sff||||£||, «I 2 = 115^11 + 11 ^ 11 ^ 1 , 

Id. LMI 5S(7.3.7)Wf^$M3EI$$C , 

T&i+ftjg&i %%(n-m)xm, MS:(7.4.7)W^^MJiXt^IE^P?A', i£i+W 

g 6Jt^(« + l)x«/2 o 7.4 7.3 

«±, 5k = 0ftW& = 0ftSMJi®-?tgl®, EtuJtSc 

fnniwm#M±feiiwi^mg]«m7EW«T, 

*tefn5t(7.4.7)^^-?tmffi#*tt^-icWo M 7.3im®J&, |W]#Rm# 
rtj # EiOTi^Etf ?t nt£T wsisa s 0 

7.4.3 

tltlTWM?: 

x(0 = (^o + /Mo)jc(/) + (A d + A/^)x(7 -rf) + B(u(t) + f(t,x(t )), f > 0 

x(f) = ^(0> ^ g[-£/, 0 ] 




A ~~ 


-4 1.5 
4 -2 


Ad ~ 


0.7 0.8 
0.6 0.9 


B = 


A> = 


1 0.707 
0 0 


0 

0.707 


||/(A*(0)||<0.8|sin?| 
0 


D d = 


0.447 0.632 
0 0 


m= 


0 0 
0.447 0.707 




1 

0 


"0.447 

0 




£o = 

0 

0.707 

, E d = 

0 

0.632 




0.707 

0 


0.447 

0 





0 

1 


0 

0.101 _ 



'*0,(0 

0 

0 

0 


"$/i (0 

0 

0 

0 

0 

*02(0 

0 

0 

, F, = 

0 

*,2(0 

0 

0 

0 

0 

^03 (0 

0 

’ a 

0 

0 

^d3 (0 

0 

0 

0 

0 

^04 (0_ 


0 

0 

0 



S4 5 , |<5 J .(/)|<1, ie{0\,02,03,04,dl,d2,d3,d4} 
MMS7.4.U 
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1.2 r .. 

°4 

0 . 6 ; 

0.41 

o.ii \ 

0 ) 

-O.2!......... 

0 0.5 

4 

3.5; 

3' 

2.5- 

T 

1.5; 

L 

0.5 

0}#** ~ 

-0.5- 


Xi 

r.1.5 2 


2.5 


0.4-:-- 

0 . 2 - 
0 ; 

- 0 . 2 ' / ; 
-0.4- 
0.6 
■0.31 

„ 0- - - 

3 0 0.5 1 

6 
4 
2 
0 

-2 

~4 


«(0 


1 - 2 ; 

. 1 \ 

: o.si 
i 0.4 

' O.4J 
1 0.2’r 


0.15 i 

0.1 

’0.05 


0 0.5 1 1.5 2 2.5 3 0 0.5 1 


' 0.4- 
4 02 
* 0 
- 0.2 
-0.4 
’- 0.6 t 
“*- 0 . 8 * 

: -it 


0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 


.: 5 

- ^ 
- 10 - 
-15 
-20 r 
-25' 
-30 
-35i 
• —40- 
_-45L 


U(t) 


1.5 2 2.5 3 0 0.5 I 

m 7.4.1 
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8 m Lure ftiffi M 


8.1 31 m 

Lur’e Btif 

^£(Hale, 1977, 1993) 0 AS A-fiJl/t Lur’e U't'ffiT 7Ait, t'JJfl Leibniz-Newton A Ait AJ 
^AHAfflA, HfB&&/hltf?f&|5J®(Suetal., 1997; Parketal., 

2002 ), j£±^hch, toa®, 

Lyapunov 

Haa nMft 

Silt, SJA20 

TO 70 Aft Siljak |f§—® 
oT^S^J^WSi+^rfetillf^iiiLBCFujita et al., 1988; Veillette et al., 2000; Leland 
etal., 1994; Yangetal., 1998) 0 iQ^fliiSA, —^SitASXAfiifrjTOftftllililifcllitE 

w ang ^(1995 

l0J^ZP&®WfgTS:W^£T'—Zhao # 

Liao #(2002)JE 

Ackerman(1985)#iiTiii^^n^l^liSy, 

*!i 7 c#iE#s^ wwK, mR^&TBG&fflKft&m&mffiu 0 Yang ^(2001) 

tEliieim #j$filU_h©F3£T$ir ft Sit 6iJ A - It BUl, #Hi 7 

TO^fi7#Cl$lW§ftillil, 

A*LUTSES#: 

(1) Siltl ffliS&iJ Lyapunov egffc, 

i#I07 Lur’e ItAliaW Lyapunov Bit 

tttw, aii^TfBtMASSA, 

AWitM, AM&ABtif Lur’e jgtftftr 
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3£4>, A, <A H t , Li, M,m ^(/ = 0,i,-^)^B^®MS^iSM^W= 

,F;.(x,0e/?' xy ^^W^{SB^^|^, TO^Lebesgue^SiaTO, $tJE 

F?(x,t)F i (x,t)<I, Vt, i = 0X—,k (8.2.3) 

Mt), i = 0,l,-,k TOMfr-MBt# M , ?iJE 


0</z,(?TO, h i (t)<h i <\ (8.2.4) 

fit) *1 Je IE Banach I’b] C t (? = max(/i i (0) 

8.2.1 Lur’e H^^^^(8.2.1), 

#(1.3.2) 0 ^ Lyapunov &B@ K(x(0) , (x(t),t) € /?” x /? , 

= ^(0» ? e[-r,0],r>0 , M 


V(x(t),t) < 0 


S|3^#^^t(8.2.1)^feM^Wo 

m$L 8.2.2 Lur’e BtJf ^(8.2.1), 

#(i ,3.2)o 'A M (0 = M0,M/(0 = 4*(' - ¥0) 

W, 8P^^(8.2.i)^xt“tfcMWc 


8 . 2.2 

TO, XTO(Suetal., 2001)WM, TOTW3IS 8.2.1 0 
9IS 8.2.1 Lur’e Bt#»(8.2.1)(M(0 = 0,w,(0 = 0),#f5tf^£ 

EttM, #^ttft$MJ$£5£(8.2.2K8.2.4), (1.3.2), TOMTOM 
a: = diag(/k 1 ,jfc 2 ,--,*„,) , rn # * IE ^ M M m p ^ TO a fn t* S 

£„^>o,/ = o,i,-,jfc, 

(8.2.5)TO, 


X, M, M 2 M 3 M 4 M s 

* -Xj 0 0 0 0 

* * -N 2 0 0 0 

* * * -i V 3 0 0 

* * * * -N 4 0 

* ♦ ♦ ♦ ♦ —jv 5 


(8.2.5) 





% 8 M Lur’e B*J» 
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n^F, *feSWII, Tit), fi. 

.V, =A i ]P + PA () +7aP+Y a R l + s 0 G 0 T G 0 + £ ^ + r} 0 C T K r Mj M 0 KC 

i =1 i=0 

M,=[PD, P £> 2 •■■ />£>*], /V, =diag{e 2 ah £j,e 2 ah £ 2 I,---,e 2 ah £ k I} 

M 2 =[e ah PA i c ah PA 2 ••• e ah PA k ], 7V 2 =diag{I 1 ,i 2 ,--Z, t } 

L. =(1-/?.)/?. -^G/g -e 2ah C T K 1 Q;'KC-Tj i C J K T MjM i KC, i = l,2,-,k 
M 3 =PD 0 , N 3 =e 0 I, M 4 =C r K T , N 4 =Q 0 
M 5 =[PH 0 PH , ••• /W t ], A? 5 =diag{77 0 /,7,/,7 2 /,--,%/} 

z(?) = e a, x(?), />0 (8.2.6) 

St, «>0, , ifc H* * $ £ Lur’e B* if % ft 

(8.2.1)( m(0 = O.K.-CO = 0 )^J® 

z(t) = ae a, x(t) + c a ‘x(t) = az(t) + e“'[(A + AA 0 (x,t))x(t) 

+ + AA j (x,t))x(t - h t {t)) + (E 0 + A E 0 {x,t))f(a(t)) 

? (8-2.7) 

+ £(£,. + \E l {xJ))f((j(t - /z ; ,(/)))] 

i =1 

= (A + AA + a/)z(/) + '£e ah ' (,) (A i + AA i (x,t))z(t ~ h t (t)) 

i =1 

k 

+ e a, [(E 0 + AE 0 (x,t))f(cr(t)) + Yj(E 0 + A E 0 (x,t))f(<r(t - 

i =1 

Lyapunov 

L(z(r),z(? - S(0) = z T (t)Pz(t) + £ ^z(t)Riz(t)dt (8.2.8) 

^(1 

f J (a)(f j (a)-k j Cx(t))<0, j = l,-,m (8.2.9) 


SjJS, 
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e at f T (a(t))s; 1 f(a(t))e al < z T (t)C 1 K J s;'KCz(t) (8.2.10) 

m Lyapunov mWi V(z(t),z(t - h^t)) '?&!^(8.2.1)^TOI'hJ t 

V = z T (t)Pz(t) + z T (t)Pz(t) + j^z 1 (t)R t z{t) - £(1 - h,(t)z J (t - h t {t))R i z(t - W)) 

1=1 1=1 

mm±mm^^mm2.2A~2.2.6 m 

K<X t 5X<0 (8.2.11) 

X = [z T (t), z T (t - (0), ■■■,z T (t-h k (0)] 
f M G 1 


M = aJp + PAq + 2a P + Y J R i + g'PDqD] P + £- 0 G 0 T G 0 

i= 1 

+ Y j £;'e 2ah ’ tl) PD,DjP + J]PE l Q I EjP + t] 0 C t K t 

i =1 (=0 

k 

x m 0 t m 0 a:c+ c t k t Qo 1 kc + Yji^PUfll p 

i~0 

G = [e“*' (0 P4 e ar * j(,) Pi4 2 ••• e“^ (0 P^ t ], L = -diag{L l ,L 2 ,---,L k } 

MSchur#M, S<0j££#iB£(8.2.5)jS£, *^J5C 8.2.1 nT#, 

Lur’e H\f®^^t(8.2.1)ifeX'1^7Eo iiE^o 

-^IJI8.2.1 ffitk 

T®&iU8.2.1 ^j^wmuo 

8.2.1 =f Lur’e 0t#^ft(8.2.1)( W (O = 0 ,u t {t) = 0), 

0t^^f0^^ttm^^5'J?iy£5S:(8.2.2H8.2.4), (1.3.2)„ 

K = diag(k l ,k 2 ,-,k m ) #0 H # * IE S 5tf M P$ P, Ri, Qi, TiMUm 
e t , 77 ,,y,. >0, i = 0,1,• • •,k MMW ffl&KH^772 >0(0 <t77 <1), 

^#5£(2.2.12 )J&a L, jp-^^gE(8.2.1)^E^r[RS^*I^^W^ST^Xt^^o 
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X x M x M 2 

* -N x 0 

* * -N 2 

* * * 

* * * 

* * * 

* * * 

* * * 

JL^L ®M b M 3 , M 4 , Ms, JV 3 , A^4 fH ^ 5 -^51® 8.2.1 #, & 

X, = 4P + PA, + 2mP + j^R, + j^T, +£ 0 G 0 T G 0 + f j PE i Q i EjP + %C T K T M 0 T M 0 KC 

i=\ i-l i'=0 

A = diagfo/, e 2 I ,■ • •, £*/}, M 2 = [>4 P^ 2 • • • TM* ], N 2 = diag^, L 2 ,■ ■ ■, L k } 

Lf = (1 - h i )R l - £ l GjG i - C T K r Q7'KC - TJiC r K T MjM t KC 
m1\PA x mh 2 PA 2 • * ■ mh k PA k 

M(,= [ a a - 4 

q=mh i C T K r Q; l KC + Tj i mh i C T K T MjM i KC, N 6 =[P x P 2 ••• P k ] 

W t = (l-/z,.)7?,. -T ?i m 2 hfC T K T MjM i KC-m 2 hfC T K T Q; } KC-r i m 2 hfEjE i 
M 1 =[PD l PD 2 ••• PD k ], N 7 =diag{y 1 I,y 2 I,---,y k I} 

y(t) = (1 + mt)x(t), t> 0 (8.2.13) 

itbBtAaS Lurie H«^gt(8.2.1)M 

y(t) = mx(t) + (1 + mt)x{t ) 

k 

= mx(t ) + (4, + A4,(*,/)M0 + £(4 + &Aj(x,t))y(t - h t (t)) 

1=1 
k 

+ Y j {A i + AA i (xJ))mh i (t)x(t - h,(t)) 

1=1 

+ (1 + m/)[(5 0 + A B 0 {x,t))f{a(t)) 

+ Y j (B i +hB i (x,t))f(<r(t-h i (t))) ] 


M, Af, M, M. 


0 

0 

- 77 3 

* 

* 

* 


0 

0 

0 

-n a 


0 

0 

0 

0 

-N' 


0 

0 

0 

0 

0 

-n a 


m 7 

0 

0 

0 

0 

0 

0 

-JV, 


<0 


( 8 . 2 . 12 ) 


(8.2.14) 
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iztJ&FWTJFiFxtfr) Lyapunov Sg^SC: 

v (y(0» y(* ~ ^ (0, x(f - k (0) 

Jfc it 

=/(o/ mo+E J!- h . (0 rt*) R irt t ) d * + i^l-huAWi*^ 

i =1 1 i=l * f 

T®Wffi$ii@2f3l3 8.2.1 «#B&o 

i± 8.2.1 ® Hi/f Jk ?£, Matlab/LMI toolbox, »T W^JcPJ'&UiH Lur’e 

8.2.3 ^ZJka$«# 

%. ft (8.2.1) u(t) = Ax(0,w,(0 = 4-x(t - hi(t)), 

_ _ k _ _ 

x(t) = (A) + Mj(x,0)x( 0 + E(4 + M(*>0)x(' - A/(0) + (£o + ^Eo(x,t))f(a(t)) 

i =1 

it 

+ E (E, + AEi (x, t))f(a(t - hi (/))) + (B 0 + A B 0 (x, t))u(t) + £ (B, + AB, (x, /))«, (0 

i=l i=l 

<r(/) = Cr(0, /Oem*] 

x(0 = ^>(0, ? e [-max (0,0], i = 1, ■■•, A: 

= Aq + B 0 A, AAq = AAq + AB 0 /1, A t = Aj + B t A, A^ + Ai^/l 

*BA4(i = l,-,*)Ur^J® 

Mo =D 0 F 0 (x, t)(G 0 + N 0 Ao), M, = Dfi (x, t)(G,. + JV f A,) 

mm 8.2.1 8.2.2 

5118.2.2 Lur’e ltf?ft^g&(2.2.1), EWPU ^ 

fs tt tn $ # #J '« JE. (2.2.2) , (2.2.3) , (2.2.4) , (1.3.2) , 

K = diag(*, ,k 2 ,---,k m ) ,in3M¥&jE3£*f$ip$ P ,/?,■,a ft#* e ; ., T)i > 0, I = 0,1,• • •,k , 

a > 0 , ft#T?iJilM^^(2.4.1)te, IP^ft(2.2.1) 
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X l =(A (j + B 0 A) t P + P(A <) +B 0 A) + 2a P 

+ £ :7) + e 0 (G 0 + N 0 A) J (G 0 + N 0 A) 

/=1 (=1 

+ f J PE i Q i EjP + tj 0 C j K J Mq M 0 KC 
1=0 

M, = [PD, PD 2 ••• PZ\],jV, =diag{e 2 “^ 1 /,e 2 “' ! £ 2 /,---,e 2 “'’^/} 

A/ 2 =[e“*P(4 +34) e“*P(4+5 2 4) e ah P(A k + 44)] 

N 2 =diag{I 1 ,Z 2 ,---,4} 

L t = (1 - 3)P, - *,■ (G f + 44 ) T (G,. + 44) 

- e 2ah C T K T Q;'KC - Tj t C r K T Mj M t KC 
m 3 = pp> 0 , N 2 =£ 0 I, M a = C t K t , N a =Q 0 
M S =[PH 0 PH l PH k ], N 5 =diag{77 0 /, //,/, rj 2 I, — , rj k I} 

fcXY = P~ [ , &&(8.2A5)m&Mm±rtM&W&K{Y,I,Y,I,I,I} , BP "ft# 
Lur’e |^(8.2.1)l£X>f— 

8.2.3 

HIM 8.2.3 Lur’e 0tW^(8.2.1), # 

^«^M?iJ£(2.2.2M2.2.4), (1.3.2), K = diag(*,,* 2 ,-".*») , tW 

%&&]EfettffiWY,R i ,Q i ,Q i =Q; 1 , ! ms i ffl*We l ,r, i >0, i = 0,l,-,* , MR 
Btffiffl^0f«>O, {£#T^J^tt^l^4^(2.8.4)^4, i$4«(2.2.1)£ 
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~*x 


m 2 

m 3 

m 4 

m 5 

Me 

m 7 

00 

_1 


* 

-N x 

0 

0 

0 

0 

0 

0 

0 


* 

0 

-n 2 

0 

0 

0 

0 

0 

0 


* 

0 

0 

~n 3 

0 

0 

0 

0 

0 


* 

0 

0 

0 

-n 4 

0 

0 

0 

0 

<0 (8.2.16) 

* 

0 

0 

0 

0 

-^5 

0 

0 

0 


* 

0 

0 

0 

0 

0 

-*6 

0 

0 


* 

0 

0 

0 

0 

0 

0 

-*7 

0 


* 

0 

0 

0 

0 

0 

0 

0 

-*8_ 






. T 

k 

^ — 1 


. , r 



X x = AqY + B^SQ+iA^Y + B 0 Eq) t + 2(xY+ M \~[ D \ D i D k] 

1=1 

jVj = diag {e 2ah £,I,e 2ah £ 2 I,~-, e 2arA ^/} 

M 2 =[e ah (A 1 Y + B l ~ l ) e ah (A 2 Y + B 2 ~ 2 ) e ah (A k Y + B k S k )] 

N 2 = dmg{L x ,L 1 ,---,L k } 

Li = (1 - m - £j(G t Y + N]E k ) T (G i V + N t E k ) 

- e 2ah YC T K T Q; l KCY - ^rC T K r MjM t KCY 
M 3 = D 0 , N 3 =s 0 Y, M 4 =YC t K t , N 4 =Q 0 

M s =[H 0 H x ••• H k ], N 5 =dmg{T} 0 I,T} l I,7j 2 I,--,r} k I} 

M 6 =G 0 I +^ 0 ‘A'd,/V 6 =-£'o'/, M 7 =[E 0 E, ••• E k ] 
N 7 =diag{Q 0 ,Q,Q 2 ,---,Q k }, M g = YC r K 1 , N k =- n ~'l 

A = S 0 Y-', A i =~ i Y'\ i = \,-,k (8.2.17) 

Mf?ll 8.2.2^11823, 
m > 0 (0 < m < 1) , 

fcm 8.2.2 Lur’e H«M(8.2.1), 

^ttm^l^lJ'^S(8.2.2H8.2.4)fa(1.3.3)o K M 

= 0T 1 . feWEiMUikSi^i^i >0, 1 = 0 , 1 ,\iXR 

«MBFm>0(0<m<l), ffi^T^tt&l$^5$(8.2.18)rii£, 
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X x M x M 2 M 3 M 4 M 5 M 6 M 7 

* ~N X 0 0 0 0 0 0 

* * -N 2 0 0 0 0 0 


-n 3 0 


-n a 


0 0 0 
0 0 0 


* * * 

Hi Hi Hi Hi 

* * * 

* * * * * Hi 

* Hi Hi Hi Hi Hi Hi 


* * -N s 0 0 


n 6 0 


■Nn 


<0 


(8.2.18) 


£§I4M,, M 3 , M 4 , Ms, N 3 , N a fP N 5 43ISI 8.2.3 + #, S. 


X x =AqY + B 0 E 0 + (AqY + B 0 E 0 ) J + 2 mY + £4 + Z 7 ) 


i=l /=1 


+ £ 0 YGqG 0 Y + ^£,e,£, T + YC T K T Mf M X KCY 


A Y + B k^k. 


M 6 = 


N x =diag {s x I,e 2 I,---,e k I},M 2 = [A X Y + B X E X A 2 Y + B 2 E 2 
N 2 = diag{L,,£,,■••,4} 

L t = (1 - ht)Rt - £,(G,y) T G,Y - YC T K T Q- X KCY - r] l YC J K J MjM t KCY 
m^AJ + B X E X ) mh 2 (A 2 Y + B 2 E 2 ) ••• mh k (A k Y + B k E k ) 

q q ’'' 

q = mh,C T K J Q;'KC + tfrmh^ K t M] M x KCY 

4>=[4 4 ••• 4] 

4 = (1 - /j,)4 - rj x m 2 hfC J K J MjM x KC - m 2 hfC 1 K 1 Q; ] KC - y^hf Ej £, 
M 7 =[D, D 2 ••• D k ], N 7 = dmg{y x I,y 2 I,---,y k I} 

^&ifi««Ma^(8.2. i iym\ „ 

8.2.4 

#lj 8.2.1 #ft4titft(de Souza etal., 1999)4'lft$Jl, 


, A x 


-2 0 
0 -0.9 

0.2 0 
0 0.2 


-1 0 
-1 -1 


, E 0 = 0, 4=0, C = 0, K = 0 


A - 

D 0 =4 

8.2.1, Matlab/LMI-toolbox, 4 a = 0 04 444 


G 0 = G X 


1 0 
0 1 
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0 < h(t) < 3.4335 W h(t) , +1$^ Lur’e £it£(Gao et 

al., 2OO2)#*^0+§E|H]j*jO<//(O<2.5 , WEt£(Fridman et al., 2OO2)#*#J0’t 
# E fa] X 0 </?(/)< 0.999 , 3t#c(de Souza et al. , 1999)# * M E I'h] X 
0 < h{t) < 0.4437 o * a = 0.5 0>f , ftHlPRLur’e 0+M^(8.2.1)lfe)+liJe&M 
'#E I'h] 0 < h(t) < 1.7968 ; * a = 0.3 0+ E|b]7? 0 < h(t) < 2.5927 ; 

Hfa = 0.m, ^m^W0«K|0j^O</2(O<3.0136 o #j*L, *0+i§lf^JtH-f 
a«/Ntf, Lur’e 0«^^(8.2.1)lfe^m^W0«EfB]iP±t^:, 

"/E&?j?ii(y.ho 

8.2.1, */w = O.5 0t, {5HE^(2.2.1)&Xt&£W(tf#E|B];fc 
0 < h(t) < 0.8669 ; */n = O.3 0+ &t#E|0]^ 0 < h{t) < 3.3416 ; *w = O.10+ tff 
*ffE|SJ3fO<A(f)< 7.8492 o 

Lur’e 0«^^(8.2.1)^H^W0«El'B]0ja±g^, 
m 8.2.2 #fft;fcift(de Souza etal., 1999)+!$#!] 1, 


A 


0 0 
0 1 


> A - 


N { = 0, D 0 = D i = 


-1 -1 
0 -0.9 

0.2 0 
0 0.2 


B 0 = 


Go=G, 


^Vo=0, 

1 o' 

0 1 


B x = 


0 

0 


filZfflSS 8.2.2, *w = O0+ Lur’e 0«3lgl£(2.2.1)gft*f“tf:&£ 

W fft # E 1'aj Al 0 < /z(t) < 5.3329 , X Sfc (Shi et al., 2000) # ft ftj fcf E |hJ Al 
0 < h(t) < 3.2 , M30i£(Su et al., 1999)#* W0+if EI'b]^7 0 < h(t) < 1.28 , £it£(Gao 
etal., 2002)#* W0 +#E|b]^O <£(/)< 0.3346 0 H 8.2.1 ?ij*7* m = 00+, ffijS 
hA^i 8.2.1 #W#*, 


*8.2.1 






[-5.34 -11.69] 

5.3329 

^t^(Gao, 2002) 

[-7.96 -14.77] 

3.2 

jt^(Fridman, 2002) 

[0 - 1.6x 10 6 ] 

1.28 


8.3 Lur’e H 

8.3.1 

^it&lT Lur’e 
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k 

x(t) = (4> + AA {) (x,t))x(t) + YAA + AAi(x,t))x(t - hit)) 

i =1 

+ £, o/i (tr(/)) + X A,A (ff (/ - 4 (0)) 

/=1 

k 

+ (B j0 + AB w (x,t))w(t) + Y( B u + &Bu(.x,t))w(t - h t (t)) 

i=\ 

k 

+ (B 20 +AB 20 (x,t))u(t) + Y( B 2 i+M 2i (x,t))u(t-h i (t)) (8.3.1) 

/=1 

k 

z{t) = (C 10 + AC[ 0 (x,?))x(?) + (C 1( + AC w (x,0W^ - Af(0) 

1=1 

+ E 2ofl ( CT W) + X E 2 ifli i^i 1 ~ h i (0)) 

1 = 1 

k 

+ (D 10 + AD l0 {x,t))w(t) + Y (d \> + A£> 1; (x,0M? - h^t)) 

i=\ 

k 

+ (D 20 + AD 20 (x,t))u(t) + Y( D 2 i + A D 2 i(x,t))u(t - hit)) (8.3.2) 

1=1 

k 

yit) = (C 20 + ac 20 (x,0)x(0 + £(C 2 t + ac 2i (x,0M? - hit)) 

/=1 

+ a 30 / 3 ((x(/)) + XUW' - ¥'))) 

i=l 

+ (D 30 + AD 30 (x,O)w(O + Yi D v + AD 3 i .(x,0M? - hit)) (8.3.3) 

1=1 

cr(/) = Cx(t\ x(t ) = 0, w(t) - 0, u(t) = 0 

?e[-max((/z-(0X0] , y = 0,1,-,* (8.3.4) 

ze/J"’ 7 e B?> AMS'JItft□ B u , B 2i , C u , 

C 2i , D u , D 2i , D 3i , D 4i , E u , E 2i , E 3i ii = 0,1,2,- ,k) 

M . A B u , A B 2i , AC, f . AC 2i - , AD 1( . AD 2 , . A D 3i , AD 4i . A£„ , A£ 2 , . 

AE 3| . 

W W&J&in : 
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^0, G y 


~M> 

M, AB 10 AB n 

AB 20 

A5 21 



AC 10 AC[ ] AD 10 ADj x 

ad 20 

ad 21 



A C 20 A C 21 AD 30 AZ) 31 

0 

0 



Gn' 






g 2 , 

F{x,t)[H u H n H x 3 

^14 

«15 

Hx,} 

(8.3.5) 

_ G 31 J 






g 3 , , 

//u , El\ 2 , // ]3 . H 

,4, H 

15, H 



MjzM Lebesgue nJ#j_§L^fJf, 


tixEi 


F J (x,t)F(x,t)<I, Vf (8.3.6) 

hj(t),j = '(i£A(8.3.5)c 

BP 

fj 0 = {fj{<r)\fj (0) = 0,0 < afj(a) < K j( j 2 {a * 0)}, 7 = 1,2,3 

.00 = \f.\<T)/r, (0) = 0,0 < <r/,,(<r) < Kjjtj 2 (<r * 0)}, / = 1,2,- ~,k (8-3.7) 

# 0 , 

||v(0|| 2 = ]jfo yT ( r M0 d ' 


8.3.2 as#»^msw»as«e*!i 

MA(8.3.5)0£ia/3®-^ A#, 


K = 4* e + B c y 

u = C c x c 


(8.3.8) 




[ x = Ax + Ax + Bw + Bw + E x f x + E x f x 
\z = Cx+&c+Dw + Dw + E 2 f 2 +%f 1 


(8.3.9) 


K0,x T =[x T x*],f = [%-%],x? ^{t-W)) xlit-hmi fx =Ux / 3 T ], 






8 ift Lure 


f? =lfn-f? k ] , fu ^fu^it-Mt)) /J(cr(/-/*,(/))] . w T =[*£■■•*&] . 
Wu = W T (t-h t (O)-S. 


A=[A r --A k ], B=[B l -B t ] 
t = [C x -C k ], b = [D x -D k ] 

E\ = [^ll "'^u]> E 2 =[E 2 \-’-E 2k ~\ 


(8.3.10) 


A , 4 , £ , S, , C , C, . D , D, , £, . £,, , £ 2 . £ 2 , 


_ _ 4 B 2 qC c 

4 ( 2(1 4 


4 

4 A, o 


- U 


■4^30 


C = [C 10 d 20 cj, C,=[C„ d 2 ,cj 
D = D W , D i =D u 


(8.3.11) 


£, = 

0 b c e 30 


£,. 0 


0 B c E 3i 


[E 2 =E 20 ,E 2i =E 2i , i = l,2,---,k 
Tffi^fn*^tlf^^(8.3.iH8.3.4)##^'t4tgo 
&* = 1 , jtfcBrf 

f x = Ax(t) + A,x(t - h, (t)) + Bw + Bjw{t - /j, (0) + E l f l (a(t)) + E u f u ( cr(t - (0)) 


' [z = Cx(() + C\x(t - (t)) + D l0 w + D x j w(t - }\ (r)) + £ 20 / 2 + £ 21 / 2 {<r(t - \(/))) 

(8.3.12) 

XtT^^(8.3.12)W eiJ®, 

^11 8.3.1 #|ft Lur’e B^}£$!]3I^(8.3.12), StM, 

(8.2.4), (8.3.7), K 2 , £ P £ 1P £ 2P £ 31 , 

>0^#HM!$^f4;(8.3.i4)j®AL, 

(8.3.12) )E^M^^^^MW^^T##M^S, H x 

(8.3.13) , gp r ipc ^—##//„ ffiiti&MiSOTo 

ikoii 2 <ik)|| 2 +ik?-^(o )| 2 2 


(8.3.13) 
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M m] PA X PB PB X PB h C t c'„ 

A X P -(1-^)5, 0 0 0 C, T C XH 

B t P 0 -7 0 0 D xo 0 

m n= B x P 0 0 -7 0 D xl 0 < 0 (8.3.14) 

BjjP 0 0 0 -7 D j h 0 

c A Ao Ai d h ~i o 

C H C XH 0 0 0 0 -7 

M mi =A r P + PA + S l , B h = [X x E x AAi 0 0], D h =[0 0 AAo AiAi] 





/ y (^)(/ y ( CT )-7: y Cx(0)<0=>||/ y (c7)|| 2 < ||^ y Cx(0|| 2 (8.3.15) 



« T = lx T (OcX ^-x T (0C T 4 -Ljc T (r-^(0)C T JfJ, 

/t 11 ^ 

/? T = 7-^T(ct(/-*,(/))) -f/ 2 V(0) -^-/ 2 V('~MO)) 

^ /tj! ^ ^1 

Lyapunov 

F(x( 0 ) = * T (t)Px(t) + j ^ ^^x T (r) 5 ' 1 x(r)dr + J o (|tf( 0|| 2 - ||/?(Of)df 

+ f (Hof -IKof -IbA-MO)! 2 )^ (8.3.16) 

* 0 

^(8.3.i6)Bnx#Hl, jinmF(x(0)<0, PJ^||z(0|| 2 <||h<0!| 2 +||h</-/i 1 (0)|| 2 , m 
V (x(0)) = o , V{x{t)) < o , !Htj5A(8.3.13)ft(c:A. . M 
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V(x(t) < x T (t)(PA + A r P + S x )x(t ) + x T (t - \ + C lH - (1 - ^ )S X ) 

x x(t - f\ (/)) + 2x 1 ( t)P(A x x(t - \ (0) + Bw(t ) 

+ B x ~ h\ (?)) + E x f x +E u f n ) 

+ ||c*(0 + C x x(t -h l [t) + D xo w(t) + D X1 w(t - }\ (0) + E 2 J 2 + E 2l f 2l |] 2 

-M 2 - Hof -||w(/-/z 1 (0)|| 2 =X t M h X (8.3.17) 

^^X T =[x T (0 x\t-h x {t)) w J (t) w T (t-h x {t)) JeL 

~M mx PA X +C J C X PB + C J D X0 PB x +C r D xx PB H +C T D H 

A X P + C x C M H22 C\D xo C?D xl C?D h 

M h = B t P + D xo C Dlc x D XXj D w — I DlD xx D^D H 

B x P + D XX C D X \C X D? X D X0 A T t D H -/ D* x D h 

bIp+d j h c d t h c x dId x o d t h d xx d t h d h -i 

M hxx =PA + A t P + S x +C t C + cJ 1 C h , M H22 =C X C X +C XH C IH -(1 -h x )S x 
* Schur | a#, £g|5$ M h HtfrT W M n , ffi M n < 0 , mi X t M h X < 0 , 
gp 

V(x(t))<X T M H X <0 (8.3.18) 

H n ra^m^#(8.3.13), IP A pc A, 

a 8.3.1 £18.2.1 H»a 

w^ai^pcW^jB, ml wnm lmi 

Apco 

S spc n c = n x , A p = X 2 X x ~ ! , X r X 2 nJl££gP$, 


K*. 

$n 



JJHJ^ A a/, N>SL'Wfc& 
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mn t +rq=i 

ft^(8.3.14)M3i^diag{z i T ,/,/,/,/,/,/}^^diag{X 1 , 

M' n =diag[z i T ,/,/,/,/,/,/]M w diag{X 1 ,/,/,/,/,/,/} 



+ Af 1 T S' 1 2f 1 

xjA 

X* 

X\B x 


A) t C 

T X 

C T 

u H 


1 

a?x 2 

-(1 

0 

0 

0 

C, T 

C T 

H 



b t x 2 

0 

-/ 

0 

0 

A T 0 

0 




0 

0 

-I 

0 

A T i 

0 



b t „x 2 

0 

0 

0 

-/ 

Dl 

0 



CXj 

fl 

Ao 

Ai 

A/ 

-I 

0 


- 

c H x , 

C\H 

0 

0 

0 

0 

- 

I 











S 1 = 

X 0 

_0 C c T S 22 C c _ 

. *,.= 

° 

1_._1 

0 

. A = 

1 1 

o 

0 1 
cJk 3 _ 







M’ n = diag jdiag {/,/}, diag {/, Cj ] ,1,1,1,1, / j 

x M” n diag {diag {/,/}, diag {/, C c },/,/,/,/,/}< 0 


Ai 

A 2 

®13 

A 4 

As 

Aa 

&n 

®22 

0 

0 

0 

®26 


0 

-/ 

0 

0 

A T 0 

a t 4 

0 

0 

-/ 

0 

A T 1 

@1 

0 

0 

0 

-1 

Dl 


®2 T 6 

Ao 

Ai 

D h 

-I 

a t 7 

el 

0 

0 

0 

0 


0 , 


17 


0 


27 


0 

0 

0 

0 

-I 


(8.3.21) 

, PJ 


(8.3.22) 


(8.3.23) 


(8.3.24) 


<0 


(8.3.25) 
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8 # Lure 



symC^^ + ^G) 

_ H t +Aq+RS u 

0 H = +rs u r + g t s 22 g 

Aq + H + S XX R sym(^ 0 g + FC 2 q) + S , 


’ ^1? “ 


QA X + FC 2X QB 2 


0 13 = = 
[qb ]0+ fd 30 ] 


, 01* = 

QB n+ FD 3l 


RC\ 0 + g t dJ 0 


0 15 - \ 


Ei o 0 

Q E io EE 30 


E u 0 
QEu EE } 


®n ~ . 


1 \RC t K, G r C J K 


4 c t k , 


, 1 RC l K 2 0 

3 0 — 2 
^2 c t k 1 0 


& 22 — (1 h x ) 


0 27 = 0 


J_ c K \\ 


1 C'£,, 


S4 3 , Q> o, F > 0 , F, /A 


F = NB C , G = C c M 

H = NA C M J + NB c C 20 R + QB 20 C c M t + QA i) R 


(8.3.26) 


mnnmrmmit s.3.i 0 

3§i£ 8.3.1 g, F , |^Bfo£(8.3.25)J&&, £ L 

#E(i£/E^*W^(8.3.l3) 0 
2: spc ftS:(8.3.26)5)c#, 5^(8.3.26)«M, TV li,£5£(8.3.21) 0 

## H n ^ spc i&i+^inT: 

(1) , j$.M LMI; Q> 0, F>0, m;<o, ft? 
tfi Q, R, F, G, H o 

(2) iIiiiS;(8.3.21)f?JiJA/> AT 0 

(3) M5£(8.3.26)ft?tfi A c , B c , C c c 

i± 8.3.2 0 tit±.^ k pfiaiftSi#, JrfeinT •. a, > o, 

^tt^E^#^(8.3.25), jaM(8.3.25y&&.nffim, ifM ? ^J, »/*, 0 M 

a?, oi® a, 
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AS,, 


Q) 

_i 


1 

&3 

-U 

_1 

A By = 

— 

F(x,t) 


A^. 


L b c g 31 oj 

L 0 J 


def 


G x F(x,t)H 4 


AC = [AC 10 AD 20 C c ] = [G 2 , G 21 ]F(x, 0 
AC, = [AC,, AD 21 C c ] = [G 21 G 21 ]F(x,0 
AO, 0 = [^21 G 2 j]F(jC,?) 


H n 


Hr 


H„C c 


H l6 C c 


def 


G 2 F(x,t)H l 


def 

= G 2 F(x,t)H 2 


H 


= G 2 F(x,t)H 3 


— [G 2 ] G 2l ]F(x,t) 


H 


14 


def 


G 2 F(x,t)H 4 


G, , G 2 , //, , // 2 , H 3 , H a % 

*tT5£(8.3.28)W //,„ |S]®, f^fn^inT^o 

£11 8.3.2 Lur’e &t?§&ftj^(8.3.28), P$ 

a: p /Cp f, p f 2P f 3 , , ^ fL U ^ # ft IE ^ P£ f, s 1 , fn # M 

$EP$*#5£ (8.3.29)J&&, fjH^(3.8.4)M 

#III£//J|[M i l : (8.3.13), BP^*— 


^ t =[g, t 



M n | Q 

nl 

m a = 

jD 

H 

N? 

1 


Q 2 

-yl 


P 0 0 0 0 G] o] , n i =[H x H 2 


H, 


(8.3.30) 


H a 0 0 0 0] 


lIPE ##^:S)t(Shi etal., 2000; Guo, 2002)^OT 8.3.1 WffiBJl, *:fc&jlfc 
B&ifeo 

lmi lmi 

% 











8 i|r Lur’e 



5.5831 2.0322 
2.0322 0.5831 ’ 


3.3642 0.4227 -9.0423 8.8923 

0= , F = 

0.4227 0.0696 1.0314 -2.4822 


-2.7630 0.2141 

H= , G = 1-2.7875 -2.11401 

-1.6440 -2.3919 1 J 


>fc)S?5^(8.3.21 


1.0000 0 
0.3800 1.0000 


-18.6417 0 

-2.5014 1.0509 


^H^(8.3.26)# 


-3.1614 -0.0780 0.4851 -0.4770 ^ , ^„ o1 

A= , B = , C c =[-2.7875 -1.0548 

-7.4009 -1.8996 2.1361 -3.4975 L 1 


JFJf, 8.3.K m 8.3.2 M/Ko 



H u =[0.2 -0.1], H n = [0.3 0.4], H n = tf 14 = 0.1, tf ls =0.2, // 16 =0.15 


It] Matlab sjc^l 
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'5.5853 

1.9774" 


3.2066 

0.4197" 

i 

-3.0041 

-0.0952' 

7? = 

1.9774 

0.5489 

, Q = 

0.4197 

0.0600 

, H = 

-1.5669 

-2.3495 


-7.0015 5.9849 

1.2879 -3.0510 


G = [-2.9009 -2.2371] 



'1.0000 

0 



f—l 7.7396 

0 


M = 




N = 






0.3704 

1.0000 



[_ -2.3456 

1.0385 



'-2.8766 

-0.09621 



"0.3947 

-0.33741 

A=\ 




, B 

= 




C j 

-7.1161 

-1.9351 l 


C 

2.1316 

-3.6998 


C c = [-2.9009 


1.1626] 


8.4 Lur’e Hj&M 


8.4.1 

Lur’e 


Z : x{t) = A(0)x(t) + B, (0)u(t ) + A (0)w(t) + Ef{o(t )) 
x(0) = <fi(t),cr(t) = Cx(t) 
y(t) = C l (0)x(t) + D 2 (0)t 1 (t) 
z(t ) = C 2 ( 0)x(t) + B 2 (0)u(t) + D 3 (0)w(t) 


3I4 3 , x(t)eR n M; u{t) = \u x (t)u 2 {t)--- u m (t)]e R m w(t ) 

eR p ZjnnJPMDtnhWiAfam, !Pw(/)eL 2 [0,«>); 7(/)e/? 9 

IP ri(t)^L 2 [Q,oo) ; z(/)6/i' MO = Lv,(0^(0- 

(01 € R q A M m Ifc m ft * ; ,4(0), B, (0), A (0), C, (0), C 2 (0), D, (0), D 2 (0) ft 
D 2 {0) 14, Liao ^(2002)M'b'^IiJillStT®ll!l^lfeWM't'®® 



c 1 ( 0 ) = c lo +Xc li M, 

i=l 

D 2 (O = 9 20 +toM, 

1=1 



B 2 (0) = B 2O+ f j B 2i 0 i 
1=1 

d,(0) = Ao+ZA,4 > 

i=l 


(8.4.2) 


4, A- 4 . c„, c 2i , A, ^ A /0 = °»L---M) 

I*, 0=[0„0 2 ,-A} J zR k « 






Lure 


bp 

k 

0en = {0eR k :0 i >O,Y J Q i = 1} (8.4.3a) 

i=0 

k 

0(t) &n = {0(0 e R k : 0,(0 > 0,X^(0 =!} (8.4.3b) 

1=0 

*Ej£^(2) % Banach (UaE 

^ T (O0(O<£> £>0 o- = [crj(0 ct 2 (/)•■■ C7„ (01 e ^" > f(&) = 

[/i (ffi)/ 2 (<r 2 )■■ • • /„(<t„)] e /?" Wfta, ^ J)(tTj ) PR 

1.3.2 Mo 

^^M»(Yangetal., 2OOl)0fHtbW^^Jtl$^S!, 

w 7 (0 = Af,«(0 + Af„^ (0 (8.4.4) 

^ =diag{w n ,ffj 12 ,•••,/«!„} ® ik '\0 ik 3® 1^ , M u = diag{/w ul , 

W.2 ,^(o=k,(o $ 2 (o- s lm (o\zR m $s^ 

so m u fn m ui ?i^. 

0 </M], < mi, </«!,, m h > 1, z = l,2,••■,»! (8.4.5a) 

0 <m ui <m uj , i = l,2,---,m (8.4.5b) 



(8.4.7b) 
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/• 00 J* 00 fit 00 

z T (t)z(t)dt < y 2 ( w T {t)w{t)dt + r/ T (t)rj(t)dt + p) (8.4.13) 
Jo Jo Jo 

z c nil#Pi* Hn 

i± 8.4.2 i^^(8.4.13)^ffflj^Wai6^-^—et 

al., 1997c)^— ft, '&&-%TUMp>0 , 

3IA£pT3ISo 

3 MS 8.4.1 £pWM£j£EP$ 

p(0^£|^(0|<^(^^^^E^W^^S3gP$), PJ#*£->o, (£#Ti£A^5£ 

$l£: 


rF(f)5+(rF(t)s? <eri/r T + ;t 1 .e t i/.5' 


iEBE ## Wang^(1992)W?|aWiiE0J), 

3IH 8.4.2 ^Aw(0 = 0 r>0,p>0 , #jtA5&;E Lur’e 

(8.4.1), in Wir^ (4, c 2i ),i = o,l,■■ • • ,k M dT$111 M , P > o fn 

feSf>o, / = !,•••,A, '^aE. 


n P(D ]0 + D U ) (C 20 + C 2i y PE c r K r 


-yl 

* 


(Ao+A,) T 0 


-^/ 

* 


P<—yI 

r 


0 

—gI 

* 


0 

0 

0 

-e” 1 / 


<0 


(8.4.14a) 


(8.4.14b) 


/7 = (/l 0 +4) T P+P(4 ) +/l 1 .),A: = diag{A: 1 ,A: 2 ,---A„}, * ^TJs^WMWM , T 
|W] 0 lUM/E Lur’e #-&*#//„ tttBo BP, 

w(t) eL 2 [ 0,oo) , z T (/)z(/)df < r 2 (£° w T (0 w(t)dt + p) o 

iEBfl ^f§ £nTM Lyapunov @fS[: 


F(x) = x t (?)PA0 


8 . 2.10 
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f T f < x T (t)C T K T KCx(t) (8.4.15) 

Silt, *^13 8.4.1 ^‘#^(8.4.15)Rf# 

2x t (t)PEf(a(t)) < £~'x T (t)PEE T Px(t) + £x T (t)C T K T KCx(t) (8.4.16) 

—7f ffi, Yedavalli(l993)2& Gahinet #(1996)fglt, #PJ|l7F^5t(8.4.14a)J$;;fi:, 


A J (0)P + PA(d) PD i (6) Cl (6) 

* - r l Dj(0) 

* * —yl 


PE C t K t 
0 0 

0 0 

-£l 0 


<0 


* 


* * 


* ~e 


7 


(8.4.17) 


Jfilg Schur #3IS, ^^(8.4.17)RTWJiai A r (0)P + PA(0) < 0 , Hilt, &X 
^(Yedavalli, 1993)7l^JnTl7#5'J x(0 MS, &7^i£(8.4.16)fP 

(8.4.17)fgWM±lfe ; f#I l J 


V(x,6) + y l z T (t)z(t)-yw J (t)w(t)<0 (8.4.18) 


-00 r oo 

£KJ M</)eZ, 2 [0,°o) , I z T (/)z(r)d/-/ w (/)H<0d/< x T (0)/ 3 x(0)< 
Jo Jo 

y 2 p o 8.8.4 (fffio 

8.4.2 

£jfc*> = [x T (0 xJ(/)] T , #li^7mi[PfM(8.4.4), Lur’e ^ 

%LZ, «tlttS^y$^J#(8.4.12)^fflT, ®Mi£M£P 

2) : = A{G)(p + Dj (^)w + Ef(a) 

<p(0) = [/(?) 0] T ,<r = Cp > 

z = C(^ + D 2 (6 »)w 


w = [w T (l) » 7 T (Of >/(*) = [/V) Of, 



"£ 

0‘ 


C 

0 

£ = 

0 

0 

, c = 

[0 

0 


(8.4.19) 
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k k 

a(0) = a, + £ 43 , Aw = Ao+Z A,4 

i=l i=i 

£ & 

c( 0 ) = c 0 +E A$« A w=Ao+Z A,4 

£4 


i=i 


(8.4.20) 


4 - 


A / = 


4) B 10 M 1 B c 
A, 


PP 10 

D,. 


. 4 = 


4 4i M i4 
4 C„ o 


, i = l,2,---,k 


0 B U M U 


0 C c D 2i 


? = 0,1,-,*, C,=[C 2i » = 0,1.-,A: 


A,=[A, 0 B 2i M u ], i = 0,l,-,* 
iiPTW^a 8.4.i 

$1 8.4.1 ^f^Wr>0,p>0, Lur’e %%LE X , 

(4C Jl ),i=0,l,-,jHnMM, .&#£— X >0,Y > 0 , £gP$G, /C 
FfPl^M^] >0,S 2 >0 , M'pjf'fe i = I,---,* , 


X / 

/ y 


>o 


(8.4.21a) 


0 = 


Al 

®12 

®13 

®14 

As 

Ao 

-J 

_1 

* 

-yl 

^23 

0 

0 

Ae 

0 

* 

* 

-yl 

0 

0 

0 

6> 37 

* 

* 

* 

-8 X I 

0 

0 

0 

* 

* 

* 

* 

-p'l 

0 

0 

* 

* 

* 

* 

* 

-f” 1 / 

0 

* 

* 

* 

* 

* 

* 

-e 2 1 


<0 (8.4.21b) 


y -—yl < 0 


(8.4.21c) 


=£4 


A, 


A u // T +(4>+4) 

A- 


A 11 

* 


4 22 


A n =sym[(v4 0 +4-)Jf + (5 10 +5 U )M 10 G] 
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A 22 = sym[y(4) + 4) + F(C 10 + C u )] 


Ao + A,- 0 (B l0 + B u )M u0 

Y(D W +D U ) F(D 20 + D 2i ) 


©14 


/ 0 
re 0 


Ab = 


X(C 20 +C 2i .) t +G t A/ 10 (B 20 + B 2 ,.) 1 

(C 2 o + C 2 ,.) T 


a. 


XC t F t 0 
C t K t 0 


g t j, 1/2 0 




0 o 


(B w+ B u )M l0 Jl n (B l0 +B u )M u0 
Y(B l0 + B U )M W J\ 12 Y(B w + B U )M U 0 



( Ao + A /) 


"0 

o' 

®23 _ 

0 

> ^26 ~ 

0 

0 


M u0 (B 20 + B 2i ) T _ 


0 

/ 


©37 — (S 2 o + A, )MuA ~ (Ao + A<)^nO_ 


Lur’e H x mto BP*f0f»^M 

(0 G A t 0 ’ 00 ) 


k(0|| 2 < r 2 (IKog + IWCOlg +1*5. (0| 2 + P) (8.4.22) 


*0/4WUr; 11 $ 27 nTililTTJtcl 


F = NC c , G = B c V t 

H = Y(A 0 + A,.)X + F(C 10 + C U )X + Y(B ]0 + B U )M W G + NA C V J (8.4.23) 


VN J =I-XY (8.4.24) 

ffiflfl M. Yang #(2001)31 iS 1 MffiBJ nmffli, M (4,C 2i ),/ = 0,1,-■•,* Ji 
— PJ(4,C i 0(/ = 0J,...,A:)lil^^JS l SiJX^o Hitt, 43IS 8.4.2 alVM3\, 

r > 0,p > 0 , 't-X3#lE^£§P$ P > 0 *fl -4^4 ff, > 0 , X* 
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0 


(A 0 + A i ) l P + P(A <) + A i ) P(£ 0 +A) (Co+C ,) 1 PE C T K 1 


(Do+D.yp 
c 0 + q 
e t p 
kc 


—yi 

o 

o 

o 


o 

-yi 

0 


0 

0 

- 8,1 


0 

0 

0 


0 


o - ski 


< 0 (8.4.25a) 


qk (Q)P(p(O) < py 


(8.4.25b) 


K = diag{£,0} o Mlffjlc 

iPX#7^#TOH<0e A[0>°°) > ^#^(B.4.22)itALo 


Guo(2002)|p]#M^&, 


.A. 


P = 


7 

Y - 

~ X 

1 

0 

Nj _ 

V 1 

0 


-1 


= X 2 X\ 


-1 


(8.4.26) 


N%\V%nSm%.&, #§£(8.4.24); X > 0 ,F > 0#f£(8.4.21a) o 
JE (8.4.26) ft A T' ^ (8.4.25a) 4 1 , \B±. 

diag{X?,I,I,I}mdmg{X„ 1,1,1} , 


K 


\ 

< 

~A 1 

r " " 

© 

i_ 


^u 0 _ 


i\ 


^JM'rliS 8.4.1 -7 Schur Ib'jlJl, Miii't'lfbT 17^10, #P:3=7'^f;^(8.4.21b),IiSoL, 
jJPJ 0 < 0 , !P?F^(8.4.25a)^o Affi, i^(8.4.26)RT^§ 


<P T (0)P<p(0) = (p J (0)x 2 zrV(0) = [f (0 0 


1 

_1 

>(0" 

N T -A T AF“ T J 

0 




^^(8.4.21c)J$AL0t, ^ t ( 0)P(3(0)</77 , iP^^S;(8.4.25b)^;tz:o ^ 

_h#fi£ , $1 8.4.1 #ijE 0 

a 8.4.3 £3 8.4.1 Udi Ti5it 

( 1 ) M 7 ^y inAE, = 1 ,-• • , A: , minimize trace(F), 

% X >0,7 >0 , LMIs (8.4.21 a) ^ (8.4.21b)fB(8.4.21c)o 7 opt , 

P opt , G opt mH opi , ^jH^lJjlilM^®(8.4.23)fn(8.4.24)M*ir#e^J^W#il 
W A c , B c , C c a 

( 2 ) M^y S^haE, *f77 = l,•••,£, minimize y , 
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X>0,Y>0, LMIs (8.4.21a), (8.4.2lb)ft(8.4.21c) 0 y min , ^7 = 7 m „ . M 

«(i), »aiftimmfid#M^4>A,Co 

j± 8.4.4 8.4.1 IS 8.4.2 

Mfid3£#-^#, 

(ffift-ilL^S^Yang et al., 200 l^i} fidlift Sift© o Wilfifift'fii 
#—Jl£fid Lyapunov ftf$[(L(x) = x T (t)Px(t )), M'f'Jlt^S^Liao et al., 2002)ftffl fid 
ft# Lyapunov @$t( V(x) = x T (t)P(9)x(t )), ftfid#ft‘So 

Mi^ifft-^ftfid^«MM±t* 0 '4m u =m u =1,^(0 = 0#, «Htil 
fidft#// 00 ^$l&J^6d'S:i+ftftf^ftiJ®^K(Gahinet et al., 1996)ft ;$;$£( Su et al., 
1997c)^tbfidIE'ffi’ H x }$Mfidi£ifftfto 


8.4.3 

^ft(iM^ftfid0d^, Lur’eKC ft^ttfidilft 

#(8.4.i2)ft#T, 


J 2 ■ 


<p = A'(9)<p + D[{9)w’ + Ef(d) 
cp(0) = [f(t) 0]\* = C<p 
z = C\9)(p + b' 2 {9)w' 


(8.4.27) 


£tft, w’ = [w T (t) 7 T (t) £ 2 ft/)]ft p,ftCft/(c# rftft-fidvnft—#c 


4 


4 


A oft 


C c M 2 C\ 0 


4 = 


4 


ft,-ft 


C c M 2 C 1; . 0 


= 1,2,-,A: 


A', 


A, 


0 

C c M 2 /ft 


CM,, 


i = 0,1,•••ft, C; = [C 2i 5 2i 5 c ], i = 0,l,-,fc 


A,=[A, 0 °]> i = 0,l,-,fc 


^ftft-ftfidftftr, THfid^S 8.4.2 l&&TftMftS#^i&l^0tfid# 

# ft, ftMfidi&ilftftc 

£11 8.4.2 *mft£fidy>0,/>>0 , Lur’e 

(4,c 2i ),/ = o,i,---,A:®BrM#, I#ft-MIWL>o,y>o, $£P£G, //, 

>0,f 2 >0 , t = 1 ,—,k , 
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0 = 





'x r 

I Y 

>0 




(8.4.28a) 




i 

/A 

O 




(8.4.28b) 

0,1 

^12 

0.3 

0.4 

/Q 
'■A 5 

0.6 

017 



* 

- r / 

^23 

0 

0 

0 

027 



* 

* 

-yi 

0 

0 

0 

0 



* 

* 

* 

-e,J 

0 

0 

0 

<0 

(8.4.28c) 

* 

* 

* 

* 

-tfl 

0 

0 



* 

* 

* 

* 

* 

-e 2 l 

0 



* 

* 

* 

* 

* 

* 

-e 2 I 




&u = 


A„ // r +(4, + 4) 

* A. 


A 22 


A h =sym[(^ 0 +4)X + (B 10 +fi li )G] 
A 22 = sym[F(4 + 4) + FM 20 (C 10 + C u )] 


012 ~~ 


Ao + A/ 


0 0 
AAo+Ai) FM 20 (D 20 +D 2i ) FM y0 


0.4 = 


E 0 
YE 0 


6> 13 - 


X(C 20 + C 2 ,.) t +G T (B 20 +B 2i y 


(C 20 +C 2i f 


0.5 = 


A'C t /A 0 
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9.2 Lur’e 

9.2.1 

^ftAnTW*^ Lur’e 

k 

(£): Ex(t) = (^o + A Aq (x, t))x(t) + '^ j (A i + A^ (x,t))x(t - h{t)) 

i=i 

+ E 0 f(cr(t)) + (B 0 +AB 0 (x,t))w(t) (9.2.1) 

a{t) = Cx{t), x (t) = </>{t), w(t ) = 0 

t e [- msx(hj (t), gj (f)), 0] , j = 0, 1 , • • •, k 

J£4L x(t) e R n t&W E & R nxn , fix/E rank E = r<n 0 

/(c(0) fiy£S^K«^rf i f : (1.3.3)o 


£i(?) = 4^(0 + £ A,x(t - h,(t)) + E l0 f(a(t )) (9.2.2) 

i=l 

£.&9.2.1(Xu, 2002) (l)£aHdet(.s£-.4)*0 , J®|$eP$Xt(£,,4)JilEJillJWo 
(2) (!Qm deg(det(s£ - X)) = rank E , PJ®(£, A) 0 

9.2.2(Xuet al., 2002) (l)^^^^t(9.2.2)^jEia!jfrxJ. SP^ 

^Jjt(9.2.2)W«[0,oo)^Pi-W, X 8 & 5 &M, $PM^(£,^)^iE!J!iJM, 

( 2 ) ^^^(9.2.2)^H^W, MV^>0,3<5(f)>0, 
m , ^ sup_ r<K 0 1 |^( 0 || < <5(0 Bt, »(9.2.8)W» *(0 ||*(Oll < *,'w > o , 

_S. lim x (0 = 0 o 

t—> oo 

9.2.3 Lur’e B'tif £ A M , £P^^ 

m(*) = 0> lip-g^^Ofi^) 6 ^! 0 - 00 ) Ht, Lur’e 

IE*. 

9.2.2 

5fcMTW3IS: 

3|I$ 9.2.1(Masubuchi et al., 1997) 





Ex(t) = Ax(t) 


( 9 . 2 . 3 ) 


jepjm, %mM®, 

EP J = PE T > 0, AP J + PA t < 0 (9.2.4) 

9.2.1 ^tB7^^^^(9.2.2)##maW^^#o 
SI 9.2.1 3f#£gE(9.2.2)£##&£W, 

Q i >0,i = l,-,k fP^I^P , >0^|jE. 

A,P T +P4+f j Q i n n E l0 pc t k t 

i =1 

1? = ^ i2 22 0 0 < 0 (9.2.5) 

£, t 0 o -f _ 7 o 

^CP T 0 0 -si 

EP t = PE t > 0 (9.2.6) 

K = diag{£,,•••,£„}, £2 u =[A x P l ■■■A k P r ] 

Q 12 = -diag {(1 - ^ )Q X ,■ ■ ■, (1 - h k )Q k } 

ffiBB Ell Schur*f#IM, W.2.5)|ff4,P T +^ T <0, *513 9.2.1 
njfr], £P$5tf(£,,4)JijEJil!l«K ffl4^9.2.2 5EH, ^gE(9.2.2)lilE!W] 

w, xat&Wo M?cint^iiE0ji^^(9.2.2)MSW, jaij^a 9.2.i Mo 
Dai(1989)lg*, JH'J 

mWlr L 2 e R mn , ft# 

I r Ol - [4. 0 " 

£:= ^ = [o 0 } 7 J 

m, I r eR r * r ,I„_ r zR {n - ryin - r) ,A r eR r * r o M(9.2.7)ftfrlTftft: 

4:=L,4L 2 = ? n 5' 2 , i = l,-,* 

L-4'21 4'22_ 

C := L 2 CL 2 , K := AX 2 , £ 10 '■= = p 


(9.2.8) 
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'Pu 

Pn 
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fill 

~T 
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_^21 
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#?iJ£nTWA^A(9.2.i2)?ift£: 
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P 22 + P 22 + Eq 
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r 22 /1 i*22 
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S’t 1 , rj{t ) = xiX Lyapunov Sjfit 

v(m =+Z f f^p-^p- 1 ^^ 

= ?(t)p- l mt)+jr[' f T (s)p-'QP~ T f(s)ds 
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/V <^ T (/)C T ^ T ^(/) 
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A=4 1I „(^ 1 )>0, 4=-4ax[^'^ T ]>0- *^^(9.2.24)nl# 

||6(Of <^-r(6>)>0, j;i6(0fd/<^^)>0 (9.2.25) 

^(9.2.22) nT W#.4i 

|£ 2 /(7)|| 2 < ||I 2 ^(0|| 2 =* \E 2 m\ < V^(||6(0|| +1|6(0||) (9.2.26) 
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#^#^(9.2.17)fP^^(9.2.27), * |^(0| Rl ||4(0||^ 

I!-; IH#, #lt^(9.2.19)Sl^(9.2.26)BTW#tb||| 1 (0||##, &3IS1.4.1.1, Rl# 

#*^(9.2.27)#^ f^COfd^#, £313 1.4.1.2, HP# 
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/ —>oO 

^iC(9.2.22)MifiinB^M, #Jt/(»7(0) W###, «r#Uncoil 
m#W#Sj, TClim|#(0| = 0o tiiM 9.2.2 nJ^P, ^gE(9.2.19)*P(9.2.20)Ji#l 

f—»oo 

Mo I£±Mj£, M9.2.1#ffio 

9.2.3 Lur’e 

4^ = 1, ^(9.2.1)£j5fc$HTW^j£: 

(27) : Ex(t) = (A 0 + A Aq (x, t))x(t) + (A l + A A x (x, t))x(t -h{t)) 

+ E 0 f(<j(t)) + (B 0 + A 3 0 (x,()MO 
a(t) - Cx(7), *(0 = $(t), Mt) - 0 

t e [-max(/zy(#g 7 (;)),0] , j = 0,l,-,k ( 9 - 2 - 28 ) 

[A4(-) M(.) AS 0 (-)] = G,F(x, t)[H, H 2 H 3 ] (9.2.29) 
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0 

0 -d)Q 

0 

0 

0 

PHl 

0 

^0 

0 

0 

-£~ x l 

0 

0 

0 

0 

KCP T 

0 

0 

0 

-*/ 

0 

0 

0 

lp t 

0 

0 

0 

0 

-1 

0 

0 

h x p t 

77 3 P t 

H 2 P t 

0 

0 

0 

-91 

0 

G, T 

0 

0 

0 

0 

0 

0 

-6T 1 / 

IjDeS 9.2.1 




p = 

^1 ^12 

> 

-P T 

~ r ll 

>0 





^ ^22 




<0 (9.2.36) 


(9.2.37) 




€(t) = L?x(t) = 


m 


^(Oe^.^fOeiTo ffi^(9.2.33)fn(9.2.34)ftA^#3ggE(9.2.32)+, # 

®J 

££(/) = ^(0 + A { J(t - h(t)) + E 0 f(7j(t)) (9.2.38) 

tj(f) = C#(0 o it#B«llit(9.2.38)M#M 

^j(/) = A rA £ l (t) + A UA ^ x {t — h(t )) + A x2a % 2 (? ~ ^(0) + E 0 J(Tj(t)) (9.2.39) 
0 = 4 2 (t) + A 2!a £, (t - h{t)) + A 22a % 2 (t - *(/)) + E 02 f(r/(t)) (9.2.40) 

aEJSC 

F(^(0) = g (t)Pn 1 ^ (0 + 

= | T (0?- , £#(/)+ f t , (9.2.41) 

jay V(4(t)) i&<ff^(9.2.38)M$W&f|B]#$S#f 
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K(£(0) = f(t)P~'Ei(t) + ?'(t)E T p- T Z(t) + 

- (1 - 4(0)^ T (/ - h(t))P~ x Qp- 1 %{t - h(t)) 

< 2% t ( t)p~ l [Ao A m + - h{t)) + E 0 f(T,m 
+ f(t)p-'QP~ T 4(t) - (1 - d)?(t - hityjP-'QP- 1 l;{t - hit)) (9.2.42) 

M31 M 2.2.5 ^^#^(8.2.9))#, e : 

2 f{t)P-%f(jj(t)) < ef(t)p- l E 0 E^p- T ^(t) + £~ l f(t)C T K T KC4(t) (9.2.43) 

Hitt, 

nm) < i T (t)p- l M lA p~ T i(t) ( 9 . 2 . 44 ) 

|(0 = K t (0 £ t ('-*( 0)], a 

[^OA^ 3 + ^OA + Q + £ Po^O ~1 pT 

M 1a = + £~ l PC r K T KCP r ] 

PA^ (1 -d)Q 

#(S2F^^-t4Wis^5':(9.2.29), m 1a & 

M 1A = M, + Q x F{x,t)Q 2 + (Q x F{x,t)E2 2 ) T (9.2.45) 

/2, 1 = [C, T o], 42 2 =[^P t // 2 P t ] 

& Schur^3iafH^#^(9.2.36)Bl# 

m, + OQyfil + d~ x riln 2 < o 

Hitt, &3IS 2.2.4 «(9.2.45)0j# 

M 1A < Mj + 9f2 x £2 x + 9~ x Qj£2 2 < 0 (9.2.46) 

!0IJjiil^#5t:(9.2.44)fq^^(9.2.46)orW#ti), MM«/)^0, ^ 

K(^(0) < |||(0|| 2 < -% l^COll 2 (9.2.47) 

g4>, A. =-^ ax [P _, (M 1 +9Q x Qj +9~ x nlQ 2 )P- Tl [ o Hitt, , 
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9M 








(9.2.48) 


*4>, ^=A max (P“'£), x 1 =i mm (p- x Qp~ i ) 0 


i^M(9.2.3 i)nj vmm p> o &MnTim : 

P(X [ +I 2 h^ h ) = A Sf 


(9.2.49) 


#^^^(9.2.48)Wj&>ttfft|B]fM, 0 3\tW&, ^_a#Jii^:(9.2.49)fniPT 
Fit(Mao, 2002): 

£ e " [L,„i« s) i 2 *] d ' ( '"''‘/o''" i ^ s) » 2 


V(4(t))<e- / *V(f HO) 


</>(t) = L~ 2 l </>(t)o Hjtfc 


SBh/kT 


||^(0| 2 < (e _/? ' I^{PuWWit)) 

lim ||^ (0|| = 0 


(9.2.50) 


urn, * ^^(9.2.47), mw 


Ani„(^ 1 )|^,(ol 2 - vm)) < f 0 ms)>is < -% J>(o|| 2 


|j|^( 5 )fd S <(l/A.)K(^(0) 


*^(9.2.40), Sfn/SoIW#SIJ 


f 0 \\ E 02 < J o (||<?l (Oil + ||& ( 0 ||) d * 


(9.2.51) 


^ = A max [C t K t E t 02 E 02 KC] > 0 o 

Barbalat’s 3UI(Krstic et al., 1998), 




* 250 • 


S ^ $J Sife 


lim£ 02 /(77) = 0 (9.2.52) 

t—>CO 

>tfA(9.2.40)WMBt>ttM, #it^(9.2.50)ffli^(9.2.52), # 

lim ||^ 2 (0|| = 0 (9.2.53) 


m±?m, o 

9.3 Lur’e 

9.3.1 

Lur’e 

Exit) = (A + AA^(x,t))x(t) + ^(4 + AAi(x,t))x(t - /j,-(0) + E l0 f(a(t)) 

i =1 

+ (3, 0 + AB 10 (x,/)MO + (*20 + A5 20 (x,OMO (9.3.1) 

k 

+ Z( 5 2 , + AB 2i (x,t))u(t - g,-(/)) 

1=1 

k 

z(t) = (C l0 +AC w (x,t))x(t) + Y j (C u +AC u (x,t))x(t-h i (t)) 

i =1 

+ (Ao + AD 10 (a:,O)h<O + (jD 20 + ^D 2 oix,t))u{t) (9.3.2) 

+ Yj( D 2i + - g,(0) 

i=l 

cr(r) = Cx(0, x(0 = ^(0, w(0 = 0, «(/) = 0 
/e[-max(/j ; (O,gj(0X0] , j = 0,],---,k 

x A , x(0 G i?", «(0 e /r fn z(/) G . 

w(0eif[0,oo) 

£e/?" x " Ji ^ # ftj , fg ^ rank£ = /-<» o C, A t ,B 2I ,C u ,D 2l ,E l0 ,B l0 ,D i0 (i = 

o,u,-^)^E^WMI»Mc A4oO, MO- A5 10 (-), as 20 o, 
a B 2i (-), a c u (-) m ad 21 (-) 
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fc k 

Exit ) = <A a + B 2QA A)x(t) + Y j A iA x(t - h;(t)) + J] B 2lA Ax(t - gi (t)) 

i=\ i=1 

+ E l0 f{a(t)) + B X0A w(t) 


(9.3.9) 


*it) = (C l0& 




(9.3.10) 


9.3.2 

Jttfe 9.3.1 *$^f#*gE(9.3.9)(w(0 = 0) I^W, in*# 

: «(/) = /lx(0, vl e R mxn , &, > 0, 

Q 2i >0,i = l,---,k , 

EP t = PE 1 > 0 


(A) A + B 20 aA)P J + P(A) A + ^20A A ) T 

k k 

+ X! Q\i + 2 02/ + ^10*10 
/=1 /=1 

Q\2A 

03A 

pc t k t 

n T 

* *12 A 

n 22 

0 

0 

/2 t 

*^13A 

0 

*033 

0 

ATCP 1 

0 

0 

-si 


H a =[-] + A [-]([-] ^kW), K 

^2a=IAaP T A 1a P j -A kA p J \, E\, a =\B 2xa AP^ B 22a AP t -B 2kA AP T ] 
Q[ 2 = -diag {(1 - hy )Q X ,, (1 - )Q n , • • ■, (1 - h k )Q xk } 
i^ 3 = -diag {(1 - g, )Q 2X , 0 - g 2 )Qi 2 - •' • > 0 - 8 k )Qik } 

lIEPE Lyapunov eB : 





vm)=£ (o Pu& (o+zf ( j ) p_1 0.- p " T i( j ) dj 

+ Z[' f(s)?- l Q 2i P~ T Z (s)ds 
9.2.1 —AA&ftl&Ao 

£1 9.3.1 ®3^(9.3.9)fP(9.3.10)^##lt^W, 

(*(0 = ^0 = 0,re[-T,0]), jiPJH 

£ > 0 

EP J = P£ t > 0 

P^\ 1A ^12 A ^13A B 10&P Q 5A PC ^ 

P^\2A ^22 9 9 ^25A ® 

n , = ^BA 0 ^33 0 ^ 35A 0 

A P< A o 0 -r 2 i n 45A o 

■^15 A -^25A ^3 5 A ^45A ® 

KCP t 0 0 0 0 -si 

n* 

k k 

^'ia = (4>A + B 20A A ) pT + ^(Aa + ^20A^) T + Za + Z&, + ^llAo 

i=l i=l 

•QIa = (Qoa + Diqa-^P » ^5a = [^ii4^ C X2A P '" ^ua^ 3 ] 

/^5 A = [£>2 )A 2lP T D 22A AP ■•■ D 2kA AP ], Q^ a =D xqa P 

iiEflB * Schur #313, ^#^(9.3.11)te^T^ A <0 , &*6ifc 9.3.1 Rf 
£P, K3^^(9.3.9)fR(9.3.10)^##a^Wo 3IA^3 9.2.2 WffiSJiig+W+ilWI 
J®I^(9.3.9)^(9.3.10)$J&#PTM?&5£: 

k _ _ 

Em = (Ao & + B 20A A)m + Z A iA%( t - ^(0) + EiofW)) 

i= 1 

k _ _ 

+ B WA w{t) + ZPiiA^i* - £/W) 



(9.3.13) 
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# T (t-H) = [£' r (/ - A, (0), -,f(t-h k (0)] 

4 r (t-G) = [f (t-g x (t)),-,f(t- gk (0)] 

*sM\MV(%(t))m^(93Al)M(93A4)tftM^WWi, &3ISI 1.4.2.1 
«^(9.2.42)nT# 


V(g(t), w(t)) + z T (t)z(t) - y 2 w T (?)w<0 < 0 (9.3.15) 

£±lTffl^^^(9.3.13)ffl(9.3.14)^##m^W, 
M<OeI 2 [0 > oo)^‘^(Oei 2 [0,oo)B.^(oo) = 0 0 **^(9J.15)M&l^ltf$tfh #j£ 
V(t(0),w(0)) = 0,V(f(+oo),w(+oo))>0, JHlJSfnWPJ 

/* +Q 0 

[z T (t)z(t)-y 2 w J (t)w{t)\&t 
Jo 

/* -1-00 

< [z T (/)z(0 - r 2 W T (0w(0 + K(£(+«0, h'C+oo)) - K(£(0), w<0))]d/ 

Jo 

m +Q 0 

= | [z T (*M0 - r 2 w T (*M0 + v (40% MO)]d? < o 

Jo 

&MZ93.1 Rj^q, $31 9.3.1 #ijE 0 

$11 9.3.2 fflJf^^(9.3.1)fn(9.3.2)^##m$W, T 

(x(/) = ^(0 = 0,/e[-r,0]), M 

*m£$Wr>o, #*x>f^iE$l^a < >o > 0 2i >o,i = i J - > ifcfp^p, WSii 
£>0,0 >0'$!$ 

EP J = PE T > 0 


A', 

"12 

"n 

S 10 ^ T 

"is 

pc t k t 



">2 

">2 

0 

0 

n 25 

0 



">3 

0 

"33 

0 

Qs 

0 

P2 X 


|5 
_to 
© ■“ 

0 

0 

-r 2 i 

*^45 

0 


nj 

"i T S 

A T 5 

A" 


-/ 

0 



KCP T 

0 

0 

0 

0 

-el 



/2 

T 

1 





-e~ ] i 


/2 

2 






-0/ 
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k k 

A'i = (4) + 5 20 /1)P T + P(A () + B 20 A) t + Y^Q Xi +Y j Q 2i + eE w El 

1=1 1=1 

/2 12 =[^P t •••4^ T L ^ 13 =[£ 21 /1P t -5 2i ylP T ] 

^22 = — diag {(1 — /*i )Q i , (1 — hj )£?12 ," ’ , (1~ )2u} 

■^33 = — diag{(l — ,gj)£? 2 i’(l — ^2)622 ' ‘»(1 — Sk^Qik } 

^, T , = (c 10 + d 20 a)p t , nj 5 = [c, x p t c 12 p t ■■■ c n p J ] 

n 35 =[D 2] AP t D 22 AP t ... D 2k AP T ], nJs=D X0 P T 


fil = G, 1 ! 0 • ■ ■ 0 0 G 21 0 

L 2* 

A = [(#n +H ia A)P t H ul P J 

- ^.2^ T ^,5,^ T - #15* ^ #,3^ 0 0 0] 

ldEAE 9.3.1 WijE^, ;##:%A$jlc(Su et al., 1998; Wangetal., 

1998)+M //„ Sft!l(5]®WiiE?0 o 

JA)e1 9 . 3.1 WffiTOfrinmfcUt, &?§ 


p = l x pl 2 t 



&+, P n =P^>0,P l2 eR rx(n - r \P 22 eR (n - r)x< - n - r) o +A 

£§P$<Z>e/?" x( ”- r) ,SUE.£<Z> = 0, rank<P = n-r , TO$ep$r e R^^ 


Hiit, am 




£P T = £(£Af + F<Z> T ) T = EXE T = (£X + 7<Z> T )£ ,t =PE t >0 
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Lur’e 


W = A(EX + Y0 J ) T = AZ J (X, Y ) 

, fgS Z(X,Y) = EX+ Y0 T gem&), miu(t) = FZ~ J {X,Y)x(t) 0 

519.3.2, ^5®^{liinTWSa 9.3.3, S5I 9.3.3 M&tT ffl LMI H n >t£j& 

S3 9.3.3 mH' li(9.3.1H9.3.3)^t#it», 

(jc(0 = ^(0 = 0,?e[-r,0]), « 

y > o, 3 ?**f#iESP£a, >o,e 2i > 0 ,/ = i, -■-,* M$vESP$X > o , 
^LWy,f , WSfei£>o,0>ol£ 

®\\ 012 ®13 fygZ 015 C ^11 ^18 

0,2 022 0 0 0 25 0 0 @ 28 

0^3 0 @33 0 0 35 0 0 @ 38 

ZB X{ 3 0 0 -7 2 / ZD, r 0 0 0 ZHl \ 

0, T 5 02 T s 03 T 5 D l0 Z T -I 0 G 2] 0 

CKZ t 000 0 - eI 0 0 

G, t , 0 0 0 @2i 0 -0 -1 / 0 

018 0 2 T 8 0 3 T 8 H n zl 0 0 o -61 

K4 3 , Z = Z{X,Y) = EX + Y0 J , R 

0 n =A o z T + z4+ b 20 f + F J Bl + jr Qii + £ q 2i + £ e xo e? q 

i =1 *=1 

@ 12 = [A x Z r -A k Z T ], & u =[B 2X F -B 2k F], @!5 = ZC XQ + F 1 B 20 
0 Xi =ZH^ + 'f /T H X4 , 0 22 =-diag{(\-h x )Q n ,---,(l-h k )Q xk } 

@33 =-di a g{(l-gj)a21 »'■■>(! _ ^i)S2it}’ 025 = [Ql^ ■■■C lk Z ] 

0j 5 =\D 2l >F - D 2k F], 0l=[H ux Z J -H m Z T ], 0 3 T 8 = [H l$x F '■■■ H xsk F] 

jtfcH*## h x r : M(0 = <fz- t (x, r)x(0 0 

9.3.3 

#|J 9.3.1 Lur’e ^■^0^j^^^t(9.2.1)fn(9.2.2) (MS£ = 1,« = 3 ), 
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#1 /E 04 %. ft)# # fi rill Hit; 





"2 

i 

0^ 


“l 

1 

o' 


1.5 

0.5 

0.5" 


' 0.5 

0.4“ 

E = 

1 

i 

-1 

5 A) — 

1 

-1 

1 

» A ~~ 

1.5 

-1 

0 

5 A “ 

-0.3 

0.3 


1 

0 

1 


2 

0 

1 


1 

0.5 

1 


0.4 

0.2 


! 

1 


' 0.7 

1 ‘ 


'0.1 

-0.2l 


'2 

0 

-2“ 

B 10 - 

-1.5 

> Ao ~~ 

-0.5 

0.8 

» Al ~ 

0 

0.4 

’ C 10 - 

3 

1.5 

1 


0.5 


-1 

0.7 


0.3 

-0.5 


3 

0 

0 



' 0.1 

0.1 

0.2" 


"0.3" 


-0.1 

0.3" 


"0 

0.1" 

C u = 

0.2 

0 

0.1 

> Ao “ 

0.5 

’ Ao ~ 

0 

0.2 

9 Al ~~ 

0 

0.1 


-0.1 

0.1 

0 


0 J 


0.5 

0 


0 

0.3 



“l 



' 1 

0.6 0 “ 


"0.4" 


- 0 . 1 " 

K = 

2 


, c = 

2 

1 

0 

. 0 i = 

0.3 

9 A - 

0.2 


_ 

0.8 


-1 

1 

1 


- 0.1 


- 0.2 

H u 

= [0.4 

0.4 

0.3], 

H x 2 

= [- 0.2 

0.1 0.4] 




H x 3 = 0 . 2 , // 14 = [ 0.1 0.3], H X5 = [-0.3 - 0 . 1 ] 
p = l<n = 3 , 

mm, BP 



1 

0 

0" 


"0.3 

0 

0" 

Ao ~ 

-1.5 

0 

0 

9 Ao “ 

0.5 

0 

0 


0.5 

0 

0 


0 

0 

0 


H x 3 = [0.2 0 0] 


h\E& = 0, j£#<p = [-l 2 1] T 0 7 = 1.2, HMS 9.3.3, M 

Matlab/LMI toolbox, LMI (9.3.17) 0 < h x < 0.62, 0<g, 

< 0.53 o ^h x =0.62, g x =0.53 fcf. 


' 29.2851 

-58.5704 

-29.3048" 



0.1398 

-0.0162 

-0.2070" 

-58.5704 

117.1774 

58.5361 


0 = 

-0.0162 

0.0315 

0.0961 

-29.3048 

58.5361 

29.3536 



-0.2070 

0.0961 

0.0514 



% 9 M Lur’e 
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" 0.2741 

0.0154 

-0.2612' 


'-0.0081" 



02 = 

0.0154 

0.0720 

0.1405 

, Y = 

0.0230 




-0.2612 

0.1405 

0.1332 


-0.0072 




"-0.6296 

0.0278 

0.4294" 


"-31.3218 

4.1465 

5.7195 

<£ = 

-0.3384 

-0.0652 

0.0846 

, A = 

-3.9777 

3.1948 

4.5591 


Hitt## H m W% 


u(t) = 


-31.3218 

-3.9777 


4.1465 

3.1948 


5.7195 

4.5591 


x(t) 


9.4 Lur’e 

zixm& 


-fe 

13 ' 


9.4.1 

/t 

(Z ): £i(r) = (4 + A4o(x,OW/) + £(4 + AA,(x,t))x(t - h^t)) 

i=1 

+ E l0 f(a(t)) + B lo w(t ) + (5 20 + A B 20 (x,t))u'(t) 

+ Tj( b 2i + ab 2 ,(x,0)w'(i - g,-(0) 

1=1 

w'(0 = Sat(w(?)) 

Sat(w(r)) = [Sat(u,(0) Sat(w 2 (0) ••• Sat(w m (/))] 

x(t) = 0(t), t e [-r,0] 

cr(t) = Cx(i) ( 9A1 ) 

Jt*K Jt(0e/?" 

M'(0 e R m , M<0 e /? p flfi.IO,*) Aft*, 

%e.&E eR nxn Jirtfj^ElA floE rank £ = r < n 0 $£l^ A () ,A i ,E ]0 ,B l0 ,B 20 fH 5 2l JiE)ifl 

, *EP$ AA 0 (-),AA i (-),AB 20 (-) m AB 2i (-) M 

[A40 A4() A5 20 () A£ 2i (-)] = GF(x,0[77i H 2i H 3 // 4i ] (9.4.2) 
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1^ F(x(t),t) JtJliS' Lebesgue bTS'J , '/$!)£ 

F t (*(/), t)F(x(t), t) < / (9.4.3) 

ip u{t) e U a R m , K 

U = {u(t)eR m ;-u 0(i) < m (0 (0 <«o(i)> M o(o > 0,/= 1, •••,«] (9.4.4) 




Sat(« (0 (0) 


AO’ 


“(,-)(0» 


—w, 


o(0 9 


«(o(0 > M 0 (I ) 

- w 0(i) < «(,•)(/) < M 0 (|) 

«(i)(0 < ~ u 0(i) 


(9.4.5) 


Exit) = AoX(0 + Z A&t - hm + E w f(a(t )) (9.4.6) 

1=1 

f 1 )]]|j Leibniz-Newton A^(Tarbouriech et al., 2001), fi£#PT 

Ex(t) = (A 0 +Z A i) x ( t ) + E \of( CJ ( t y>-Z A i [ \A x i t + e ) 

«=i ;=i J -^30 

+ £ 4*(/ - ¥0 + #) + £io/(ffO + 0))]d0 (9.4.7) 

1 = 1 

x(t) - <f>(t\ /e[-2r,0] 

1111 9.4.1 (Hale, 1993) -^#^gt(9.4.6)^M^^fM^W, 1" 

tt 2 ' A' vfPy, e C* , 

A ={jc( 0 e tf"| x r (t)P~ l Ex(t)< y~\ 

r > o} ft ; M B. xt - A ii M *, ||x(0|| 2 < V{x{t),t) < ||A0|| 2 & % W ® it 

K(x(0,0 :R n *R + -^>R , M K(jc(/),0 < -* 31|*(0|| 2 , K(*(0.0 < F(#0),0) 0 




9 # Lur’e 
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9.4.2 

S19.4.1 m$kft&JEmm&mQ,Q h ,Q 2i ,Q v ,i = \,---,k M&PMM:e,y 


EP t = PE t > 0 



0 P T 
P / 

>0 

w 

zN\ 

rAf 2 

tN , t 

t£\ 

0 

^2 T 

0 


rjV 3 T 

0 

0 


(9.4.8a) 

(9.4.8b) 

(9.4.8c) 


W = (Ao + f j A l )P 1 +P(A 0 +f J A i ) T + r Z4(Qu +&,• + 03 ,H T + ^,0^10 + e' PC'k' KCP ] 

/=! /=1 i=l 


K = diag {Atj , - • •, }, N X =[PA? - PA?], N 2 =[PA? PAj -PA?] 

N 3 =[PC t K t E? 0 PC t K t £? 0 -PC t K 7 E? 0 ], q=-diag{Q n ,g l2 ,-,Q i ) 
Q = -diag[Q 2l ,Q 22 ,---,Q2k}’ Q ~ di a g{S 31 >032■"»G 3 *} 

= {?H0|||?H0| 2 < <?}, n* 


s W Q) 

yn 2 

n i = ^nax(^ T ) + ~~ max [PA?Q\i AqP*}*- maxA max [PAjQ 2 \A i P r ] 

Li l 1 

+ ~max A max [PC r K T E? 0 QjE l0 KCP T ]) 

2 i 

ra 9 . 2.1 m, 
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E := L, EL? = 


I r o 

0 0 


, A:^L l (A <>+ Y J A i )L 2 


i= 1 


4 0 

0 L . 


(9.4.9) 


! r eR rxr ,I n _ r eR 


(n-r)x(n-r) 


At o 

o /_ 


m«(9.4.9)#iw]#i^m 


L 2 , C:=L 2 CL 2 , K:=KL 2 


4-A 

£i 0 := = 

Q:=L 2 'QL 2 t , Q ji :=tlQ ji L 2 T J = \,--,k, j = 1,2,3 



, P ~ L . PL- 1 = 

Li 

^12 

J^iL 


_^21 

^22 _ 


(9.4.10) 


3$ 5$ (9.4.8a) , (9.4.8b) , (9.4.8c) M ft #J £ ^ A - diag{L,,/} fO 
diag{L,,/,/,/} , diagl^./lfOdiag^,/,/,/}#^^^^^: 


EP T = P£ T > 0 


(9.4.11a) 


M ■ 



~Q P T ~ 

<0 



(9.4.11b) 


P I 





ip 

rN , r7V 2 

tN 2 



rJVj 1 


0 

0 

<0 

(9.4.11c) 

rJVj 

0 

T °i 

0 



tN 2 

0 

0 

r/^ 






W = /1P T + PA + r'^ j A i {Q u +Q 2i + Qsi)A i + eE w E w + e C K KC 


1=1 


M^jfi 9.2.i 


Al P\2 

0 P 


22 . 


, p,=^j>0 


(9.4.12) 




m=L~ 2 l x(t)= 


m 

Ad) 
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9 


AfftS Lur e 


ft(0€« r ,f 2 (0er o tE^(9A9)ffi(9A10)^A^^^(9.4.6)^, *§?J 

O?(0 = 44(0 + £4£(/ - 4(0) + E x J{a(t)) (9.4.13) 

I* 1 

ff(0 = C#(0 o ^#^^(9.4.13)ifcnrW^iPTW^: 

Em = Am + E l0 f(a(t )) - Z 4 f ° 440 + O 

/=! J -W_ 

+£4^-/ % (O + fl) + £ lo /(^ + 0)) d<? (9A14) 

/=1 

nm)=g (o+ stm )=£ T vjr'Em +s(<r(0) ( 9 . 4.1 s> 

J£40 S(m) &iES®£fco M4^5£(9.2.22)Bpf# 

/ T (a(t))fm)) < <f (t)C T K J KC^(t) (9.4.16) 

*&*3£(9.4.14)M#*J- O£(0) ### 

k(£(/»= it)E j p-^{t)+sim) 

=? it) a* r^m +^ T (/)p _ 1 ^co+2 ?{t)p-%jm)) 

+ Px im + A (£(/))+a (4(0)+s(#(0) 

Px (m)=-^ T (0P-'f J A i f° 440 + 0 ^ 

i=i J -w 

Mm) = -2^(0^-'£ 4 /” , X440-4(0 + W 
Mm)= -2f(o^ _1 Z4 f° A/(*(* +0))d0 

*=i •'-Mo 

& 3 1 a 2 . 2.4 m 2 . 2.5 nr#, a- >°> a, > o, a, > o, «=i• • ■■ , * 

mm 
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P ^{t))<^\t)P^Y J AQu^P~ J ^t)+ f° + + ^ 

,=i J ~ r ;=i 

p 2 (m < Tt T (t)P~ , f j A i Q 2 A 1 p- T z(t) + z f° fit - rn + etfotim - hm + we 

i=l 1=1 1 ~ T 

Pim < r f(t)p- 1 f i 4Q 3l J?p- J Z<!) + f f T m + e^ElQllE.Jiait + &)W 

1=1 j ~ T i= 1 

MX 

Sift)) = r L£ T «Z ^Qu Ao$we&t +£ fi h:(l)+ ,£ r (ot a-Q 2 -'A,ft)de<it 

i=l ' i =1 

+ J° r / T (*(/))£ ^ofi"X/(*(0)dftl* 

mm 

v{ft))<^it)p- x ^- T ft) 


M = w + rN^-'N? + tN 2 0{ ] N] + tN^'n] 

^ Schur ft ?| 1 oj ® M<0 f f f A/<0 , ii S| 7R T 
V{ft)) < 7T 3 ||£(0|| 2 ,(w 3 = -4iax[^"‘^“ T ] »)0J& V(4(Q) < V(.Z(P)) o ME., Lyapunov 
IV(ft)) 3^,12. 


n x \\ft)f {ft))^n 2 \j>{t)\ 


m=p <Kt), a. 


- 2 3At 2 


n x = min ^ in [AjQ u 'A () ] + min /l min [^ T 0 2 /4 ] + “ z~ min 4nin [ E wQi' E \o\ 

2 i 1 i £ i 


X = 4a* (PP T ) + ^ max 2 raax [/^ T Q^^P 1 ] + ^- max A max [/M, T 0 2 / A t P T ] 


2 / 


+max 2 max [pc T ^ T £ 1 T 0 a- i £ 10 ^cp T ] 

2 ' 


aa^(9.4.nb), ^fntfe#s'J 

^P«|| 2 >4n,n(0^|N| 2 




% 9 M Lur e J 
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Hjtfc, W(Z>(0e^,?e[-2r,0](^={^(0||^(0| 2 <^}), Sfit 
^ T (OP“‘f^(o < vcm) < nm) <r\ v* > o 

®iiiiJi±w^s5ia(9.4.i)Br»i, t#?j(9.4.i4)M«si^» 0 

Tarbouriech #(2002)^* J®l^#^gfc(9.4.13) 

sift, & 

a 9.4.1 #iJE 0 

9.4.3 

S»(0 = 0&f, ^IA^r#M(0 = 2^(0(^e J R mx "), £gt(9.4.1)MBUF£gE3/ 

(2’'): £x(0 = (A iia + B 2 , lA A)x(t) + f j A iA x(t - hjt)) + E w f(a(t)) 

i=1 

A £ 

+ - g,(0) + B 20& Tj(t) + Yj B 2iA T ?(t - gi(t )) 

i=l i=l 

x«)=m, o] (9A17) 


7(0 = Sat(2Ax(0) - /lx(0,70 ~ £, (0) = Sat(2/lx(/ - g, (0) - At(/ - g t (0) 
BJ5S±tfe, X*TO»»7(0. 

7 T (07(0 < x t (0/1 T -4x( 0, 70 ~ £,(0) < x T (? - g f (0M T Ax(t -g,(0) (9.4.18) 
* *^(9.4.4)bT^] x (t) e%,g, 

5(« 0 , l m ) = {x(0 e /?" | {ii(0 e R m ; -m 0 (o < 4)*« < w o (0 0 = 1,-,/*} (9-4.19) 

9.4.1 *§|W|MA&, ^S.^^^(9.4.18)ffl^(9.4.19), VlRXffi. 
(Tarbouriech et al., 2002) X; ji’ AiAOHOOnfi .Ail) AiWiilM. Ail IfibfI< A A ilk 

ittfi£nTW*iifc 9.4.1 iio 

m® 9 . 4.1 irnmtt-miiEftttmmQiQu, q^q^QaM^ q^ r w**, 

R 3i , R 4i ,R 5l ,R 6i ,i = \,—,k , &WP, #a e^e 2 ,e 3i ,y,i = fP r LUMTiffiTW 


£ , / ,t = />£ T > 0 , M A < 0, ^ > 0, ^ < 0 
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<*l,=W0||k(0|| 2 <*}, 




g _ ^min ( Q ) 

Y n i 


n 2 = ^ax {EP ') + krX^(PA t AP t ) + £y-. max ^ [P(4>a + B 20a A) t (Q^ + Rj )(^ a +B 20a A)P t ] 

+ ^ ma xA^[PAj A {Q- 2 !+R;;)A iA P T } + ^mMA max [PC T K J E? 0 (Qj+Rj)E, 0 KCP T ] 

2 i 2 1 

+ ^llmax ^[P(B 2ia A) t ( ft, 1 + P 4 ,' )(B 2iA A)P t ] + ^-max \ tm [P(B 10A A)' (ft, 1 + ) 

2 i z < 

X (5 20A yl)P T ]+^max^ ax [ J P(S 2 , A /l) T (e 6 -' + ^)(B 2iA A)P T ] 

2 j 




p~'e aJ 

A 


r»l. 


>o 


Q p 
p i 


<o 


(9.4.20a) 


(9.4.20b) 


W h 


xN 1A 

tN 3 

tN 4A 


^6A 


tN 2a 

tN 3 

rN 4A 

^5A 

^6A 


xQ x 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

tN t 2A 

0 

t£2 2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

tNJ 

0 

0 

tQ 3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

tNJ a 

0 

0 

0 

tP 4 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

^5 

0 

0 

0 

0 

0 

0 

0 

tN t 6a 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

xa x 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

z& 2 

0 

0 

0 

0 

tNJ 

0 

0 

0 

0 

0 

0 

0 

0 

ril 3 

0 

0 

0 

T \[ T 
riV 4A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

tC7 4 

0 

0 

tnJ a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ri7 s 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Xrt 6 


(9.4.20c) 
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Q x , n 2 mn 3 ^fcM9A.\'PM&{ft—ff, R 

W A = 0V +Z4a +B 20A A + f j B 2iA A)P T + P(A oa + f j A iA + B^A + ^.aA) 1 +t£4 a (0, 

i=l (=1 1=1 1=1 1=1 

+ 02, + a, + 04, + 05, + 06,)4 + r Z fi 2,.5-4(01, +02, + 03, + 04, + ft, + 06,)(fi2,A^) T 


+ e l t i0 E ] l 0 + e,'PC T K T KCP T + £ 2 B 20A B? 0A + e 2 ‘PA T AP T + J]e 3i B 2IA Bl A 

i =1 

=[P(A oa +B 2(ia A) t ■■■ P(Aq A +B 20A A) t ], N 1A =[PAl paJ a 
N 4 A = [P(B 2lA A) r ■ ■ ■ P(B 2kA A) T ] = N 6A , N 5A = [P(B 20a A) t 

£2j =—di&g^Qj^fQji,'",Qjic} i 7 = 4,5,6, I2j ——dia.g^Rj 3 ,Rj 2 ,-- 


- paI a \ 

•• P{B 20a A) t ] 

’ 4 } 


'E-Sfl/E Lur’e 

9.4.1 Matlab/LMI toolbox 

/? 0 ’Pi’Pji’Bji > 0 W iE/S^I^ T a ,T i ,T ji ,P ji $LE. 

B 20 Bl + B 2Q HjW-H 3 H^r 1 H 3 Bj 0 + j3 0 GG T <T 0 (9.4.21) 

5*4 + 5 2 X(A' - H,HiyH Ai B T 2i + AGG T < 7) (9.4.22) 


40X ^AQjiHliPjil-H^HirH^^P^GG^Tj, (9.4.23) 
^■Z^. + B li Z Ji Hl{S ]i I - HvZpHlT'HvZjtf, + ^GG T < />, (9.4.24) 


z, v >^,4,7 = 1 ,•••,6,/ = i,•• •,* , -& 

p 0 i - h 3 h] > 0, fi,I - H M Hl > 0, 

Pijl - H 2i Q jt Hl > 0, Sjjl - tf 4 ,Z,X > 0 (9.4.25) 


2.2.6, mm 

B 2 oaB J 2oa<T 0 , B 1iA B] iA < T t , A lA Q fl A^ < 77, (9.4.26) 

9.4.1 M(9.4.9)UjIS4#5C(9.4.26), 

M a =M + 0 x F{x(t),t)0 2 + (0 x F(x(t),t)0 2 ) T < 0 

6>!=diag {G,G,---,G} , 0 2 =\& 2 0 ■ - - 0] , R 


(9.4.27) 
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el =[P(H ] +Y, H 2 i + H 3 A+Y J H Ai A)\ el, ell 

i i 

el =[P(H ]+ H 3 A)\ ■■■, P(H , +H 3 A) T ,PHl, ••• ,PH J 2k , 0, ••• ,0 ,PA r Hl, 
••• ,PA T Hj k , PA J Hj, ,PA r Hl,PA r Hl, ••• ,PA T Hj k ] 

m' = w'- tn x ( f2[ l +n;~')Nl -tnaqI + n 2 ] )A' 2 t - ] )Nl 
- tN a (P 21 + n’~ ] )nJ -tn 5 (0- s ' +n’f x )Nj- tn 6 (o? + ^~')nJ 

Jc fc fc fc 

W' = (A* +X4' +B 20 A + f J B 2i A)P T +P(A +214 +B 20 A + Y j B 2i A) r 

i'-l 1=1 /=1 1=1 

+ eAo EJo + s; l PC r K T KCP T + r££p, + + e 2 T 0 

M >'=i y=l '=' 

+ £ 2 'PA r AP J + ^£-3,7; + ^%'Pyl T ylP T 

i=l /=1 


^ ? IS 2.2.6 X. A^f^( 9.4.27), 3§Cli£—tfefia >0 Wif 
M' + + a~ l eje 2 < 0 (9.4.28) 


^m®5LdlAWre7?" x( "- r) ,^£r = 0_arankr = «-r 0 )A$l9.2.1 

, mmm mmatow a & a e /r" 


p = A _1 


^11 


Pn 


0 p, 


22 J 


Ll = EX + YT 1 






0 

11 

>1 

I 

O 

d 2 > 0 , 

II 

~Pu 


_ 0 

^n-r \ 


J*22_ 


p = yi(£x + y r T ) T = az t (x, y ) 


A A— jRtt, d^l^z(2r,r) = £X + y<? T jinrjfWo SIJM— 
ay0>O^#Z(X,r) = Z(X,7) + /?/ , ^Z(X,F)JinJjIWo 3^#^c 

M Z(X,Y ) ft#Z(X,7) gpnTo 
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W" 

xN { 

tN 2 

tN 3 

xN 4 

tN 5 

tN 6 

tN { 

xN 2 

tN 3 

xN 4 

xN 5 

xN 6 

tNJ 

tO, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

tNI 

0 

xQ 2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

tNJ 

0 

0 

xQ 3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

tNJ 

0 

0 

0 

rZ? 4 

0 

0 

0 

0 

0 

0 

0 

0 

tNJ 

0 

0 

0 

0 

xQ 5 

0 

0 

0 

0 

0 

0 

0 

rNl 

0 

0 

0 

0 

0 

rn 6 

0 

0 

0 

0 

0 

0 

tNJ 

0 

0 

0 

0 

0 

0 

xQ\ 

0 

0 

0 

0 

0 

tN l 

0 

0 

0 

0 

0 

0 

0 

xQ\ 

0 

0 

0 

0 

zNj 

0 

0 

0 

0 

0 

0 

0 

0 

xQ\ 

0 

0 

0 

tNJ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

xQ' 4 

0 

0 

tNJ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

xQ\ 

0 

tN t 6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

xf2’ 6 


(9.4.29) 




w’ = (A + J 4 - ) zT (*, r ) + V + Z V + z(x, r)( 4 ) + Z 4 ) T 

i=l i=l *‘ =1 


+ (5 20 <P + Z^) 1 +£ x E w Ew + e?Z{X, Y)C T K J KCZ T (X, Y) T 
1=1 


+ r 




x, = [Z(X, Y)4 + ^ J Bl • • • Z(X, Y)4 + r T Bl ] 
n 2 =[Z(x,y)A t Z(X,Y)AJ -Z(X,Y) 4 t ] 

Af 3 =[Z(X,F)C T /: T £ 1 T o Z(ZF)C t F t £i T o ••• Z(X,Y)C T K T E? 0 ] 

N 4 = VF t B t 2X • • • <F T Bj k ] = N 6 , N s = \E 1 B 20 ■■■ <P t S 2 t 0 ] 

= -diag \Q jX ,Qp,--, Q jk |, fi) = -diag j R jX ,R j2 ,--, R /k ], j = l,2,---,6 


9.4.2 j£al 0 

£ll9.4.2 X,Q ri ,R jn Zj^Z^Jo, TtJj^Pjt, V jh 

Q, ftLWY,^ , %Ws x ,e 2 ,E- ii ,PQ,P i ,Pji,S ji ,a,fi ji ,r Mr ,i = \,---,k ,j = \, -,6 , ?$ 

J£ 

EX + YT t >z Ji 


(9.4.30a) 
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z P >Qji 


z jt r 

r T z,, 


>o 


B 20 Bj 0+ /3 0 GG J -T 0 B 20 H 3 t 


HjB t 20 




<0 


B^Bl+fJfiG 1 -T t B 2i Hl 


H 4i B T 2i 




<0 


AQjrf + PjiGG 1 - T jt A,Q JL Hl 


H 2iQji A i 


HvQpHl-PjJ 


<0 


B 2 iZ Ji B 2j +S jl GG J —Pjj B 2i Z Jt Hl 


H^Bl 




<0 


’ EZ J (X,Y ) 

*f /T 

MO 


7 U 0(i) _ 

0 Z T 

(XJ) 

Z(X,Y) 

I 

M” 6»! 

©f 

6>! T -a" 1 / 


0' 

-al 


>0 


<0 


<0 


j±'f,02 =i®2 0• ■ ■ 0] & () = {^(0|||^(0f <8} 




n 2 = A max (EZ t (X, Y)) + krX^ (' F J> F) + max / w [V u + V 3i + V 5 


3 hr 


max/L max [F 2 , + K 4/ + K 6i ] 


(9.4.30b) 

(9.4.30c) 

(9.4.30d) 

(9.4.30e) 

(9.4.30f) 

(9.4.30g) 

(9.4.30h) 

(9.4.30i) 

(9.4.30j) 

4mn(g) \ 
yn 2 )' 

,] 





fg9ifr Lur’e 
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Lur’e Ht^^#^^(9.4.1)^IEPj5nM^W, 4" 

P = Z(X,Y), AP J =P , &^,m^.^mA = PZ- T {X,Y) 0 JE^MI^F,,. , 


(Z(X, Y)4 + P J Bl)(Q u ' + R u ] )(^Z T (Z, y) (Z(X, Y)4 + P T Bl)(Q-; + R u ')' 

+ B 2 qF) + Mu GG t - V u X (//|Z T (X, Y) + H 3 P) <o 

[(Z(x,zh t +^ T sJ 0 )(Q- | +^ 1 )(//,z T (x,r) (//,z4x, y) + /7 3 ‘/'/(a 1 +*,)') " 

. +// 3 ^)] t x(//,z t (x, y)+ h 3 >p) - 

(9.4.31a) 


Z(X,Y)A?{Q 2 } + R 2 ])A 4 Z\XJ) + n 2i GG 1 -V 2i Z(X,Y)Af (Q 2 I + R 2 })H 2i Z J (X,Y) <q 

[Z(X,Y)Aj{Q 2 ] +7? 2 -')// 2 ,.Z T (X,r)] T Z(X,Y)Hl(Qj + R v ')H 2i Z\X,Y) - ^1 \ 

(9.4.31b) 


V* c t k t e , t 0 

£ 10 xc -(aV+^'r 1 / 


(9.4.31c) 


^ T /(a i 1 +^7)^ 


<0 


P T Bl(Q- 4 j + R- 4 ! )B 2l P + m 4i GG j - V 4i 

[P J Bl{Q 4 } + R 4 ] )H 4 i P}' (H 4 i P ) j ( Q- 4 ] + ^ )(// 4 ,^) - // 4l /_ 

(9.4.3 Id) 


r l Bl 0 (Q; i ' + ^)B 20 'r + M5i GG l 
[P J B t 2Q (Q 5 ! +Rs!)H,P] t 


p t bJ 0 (q:; +R^)H 3 p 

(H 3 P) t (Q^ +R7;)(H 3 P)-jU 5i I 


<0 


(9.4.3 le) 


r T B T 2i (Q- 6 t + R,l)B 2l P + // 6i GG T - F 6 
[P j B 2i (Q 6 - + R^I)H 4i P] j 


p j bI(q 6 ! + ^)h 4i p 
( H 4i 'P)\Q- 6 ■} + R,!)(H 4l P) - a 6 ,/ 


<0 


(9.4.3 If) 


lIEBJl ^Pm^^^(9.4.30aH9.4.30c)?i^, TO#*, Z ji >AQ Ji y 1 T 0 & 

Schur #3ISffl*^5£(9.4.21M9.4.26).R1@f#fi<J$f|fe, Sffl II# ft ^ 
(9.4.23dH9.4.23j)^ifrT^#^(9.4.20aH9.4.20c)o 9.4.1, 3IS 2.2.6 

±W^tfroJ^P, ^19.4.2 9.4.1 

SfW± , £3 9.4.2 #ffio 

a 9.4.1 9.4.2 |SftT#fl?it2£$£PMW3rao fBftTMttWftlI($ 
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9.4.29 4>W—^), o % 

^nnaiTi^Tw»S: 

(1) ^Mu 0 . 

( 2 ) o 

(3) m xt £n T W * it l'5] ® , i+ n x, Y,r,Q ]t ,R Jt ,Z ]t ,Z jt ,T 0 ,T„T }i , P Jt ,Q, 
P^Pi-.Pji^ji,aMr 

min y 

^3?!?#: LMIs (9.4.30a)~(9.4.30j) 

IWlH^ilxl LMIs (9.4.31 aH9.4.31 f>£M tfi V ji , fu jt 8 . 

(4) mfe&&X,Y,'F,T 0 ,T i ,T Ji ,P JI ffi y , MftlTWSft(51®if* 

Qji, Rji ,Q,Po, Pi, Pji, 8ji ,a,£ u £ 2 ,£ 3i mT 

max r 

LMIs (9.4.30a)~(9.4.30j) 

[sMiint LMIs (9.4.3la)~(9.4.31fp£$¥ Hi£§P$ V Jt ,fi Jt %\8 = 

(5) mn^W{2), mA='Fz- j (x,Y) 0 

9 . 4.4 W{t) * o 

w{t) * 0 w T (t)w(t) < w 0 “' o 3£Tl£^(Tarbouriech et al., 2002)^0^31 

9.4.2, 9.4.3 0 m\& x »^-^i9.4.2 

—’^o 

m 9.4.3 w 0 > 0, x, Q n . R }i , z Jt , 


z fi 


T t ,Tj^ Pj^Vj^QMWY^ , 

£\ 

S 2 ’ £ 3i > Po » Pi ’ f 



lOi 

, W^#5£(9.4.23a)~(9.4.23i)( i = 1, ■ 


= 1,---,7)M, 

K 



M" + 

~vEZ\X,Y) 0„ xl2fej " 

01 

02 

B w Z t (X,Y ) 

0 




^12 knxn ®l2knx\2kn _ 







0? 

-a x l 


0 

0 




&2 


-al 

0 

0 




Z(X,Y)B\o 

0 

0 

-ul 

tN 7 

tN 7 
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-vw Q +uy< 0 (9.4.32b) 

- w 0 + ^ < 0 (9.4.32c) 

N 7 =[Z(X,Y)B? 0 - Z(X,Y)B? 0 ], r? 7 =-diag{e 71 ,e 72 ,-,e 7t } 

Q-j = —diag ]i? 71 , /? 72 , • • •, ^? 7 £} 


Jffil Lur’e &’$M^fc&A = 'f / Z- J {X,Y) , 

A m ^(Q)(w 0 -^ur) 

X^M'a^o = {^(0||M(0| <£}(£ =--- , n 2 -^iSSI 9.4.2 

-#), , BP 

n(p,E, r ) = {x(o € /?"|jc T (0i >_l £jc(0 < r~\r > o} 

iEBJ! MS-ffl(Boydetal., 1994)fP5fcfPf#tH 
(Tarbouriech et al. , 2001)S3 2 WffiBfj, S3 9.4.3 fSstll^ o PKTlIte, 

a 9 . 4.2 *Tjfc»ig&*epM,9.4.i fruaiwjr&.ffiw 0 ^ 
iPlIJ^Cl)^, JEv»PJM(3)4 ] o 

9 . 4.5 

•®|J 9.4.1 ili^J^iitS Lur’e Pl^of 

^-^%i{k = 1): 



■-i r 


'-1 0" 


'-0.1 

-o.r 


'0.7' 


'0.3' 

E = 

-2 2_ 

» A) ~ 

-1 2 

, 4,= 

_ 0.3 

0.2 

> Bto - 

0.8 

> ^20 ” 

0.5 


'0.1' 


' 0.4 0.3' 


"0.4 


'-1 1 ' 


"0.3" 


, E i() = 


, K = 


, c = 


, G = 


0.2 

* lu 

-0.3 0.2_ 


0.6 


0.6 —2_ 


_0.5_ 


H l = [0.2 0.5], H u = [0.1 0.2], #3=0.3, # 4 , =0.2, w 0 =10, w 0 =1.2 

^<Z> = [1 if , MSI 9.4.3 .&& 9.4.1 fP 9.4.2, Mil Matlab/LMI Toolbox, 

r< 0.6684, ^r = 0.5, : 
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"6.0657 

4.7504" 


—1.1697 

x = 

4.7504 

6.0657 

, Y = 

-2.3394 


A = [0.2284 -0.2284], ^ = 1.0953 


W = [- 0.6008 - 1 . 2016 ] 


Hitt, M'ii 9.4.1 A 9.4.2 s 

0.7849 o * A-mm Mxm * , , tim&mMam tk»(Nicuiescu , 

2001; Suarez et al. , 1991; Tarbouriech et al. , 2002)J|ft] #)#-0 
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